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DISPOSITION LIST. 

D UKING thf3 period under report the ofticers of tlie D(^])nHiiient 
were employed as follows : — 


G. de Cotter 


Dr. J. Coggtn Brown 
Mr. H, C. Jones 

Dr. a. M. Heron 


Superintendent v. 

Botirod from ser vic(5 from tlio ‘28th 
August, 1933. 

Oil leav(‘ preparatoiy to Totirerneut 

Retired irom Horviee from the 25th Juno, 
1933. 

Gninted hjavo out of India on average 
})uy for 6 months ; availed himself of 
the same with effect from the 27 th 
March, 1933, from the field, and re- 
turned from leave and resumed duty 
on the 22nd September, 1933. A]j 
pointed to officiate as Director from 
tho 5th October to the 22nd December, 
1933, and placed in charge of the 
Northern Circle after that period. 
Kemainod at headquarters. 
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Db. C, S. Fox 


Mb. E. L. G. Clego 


Mb. H. Cbookshanr 


Superintendents — contd. 

. Keturned from the field on the 30th 

March, 1933. Placed in charge 
of the Southern Circle till the 26th 

March, 1933, and thereafter in charge 
of the Northern Circle till the 22nd 

December, 1933. Deputed from the 
30th October to the 26th November, 
1933, to examine the site selected for 
the construction of a dam on the Bha- 
vani river in the Coimbatore district, 
and to investigate the occurrences of 

the latorito in South India. Left for 
Assam on the 18th December, 1933, 
and placed in charge of the Southern 
Circle. 

. Continued in charge of the Burma Circ;le. 
Beturned from field work in the Mogok 
area to Bangoon on the 16th May, 
1933. Proceeded to Taikkyi on the 
20th May, 1933, in connection with the 
geological examination of the Gyob 3 ni 
and Nyaunglebin Lakes Scheme, and 
returned to Bangoon on the 22nd May, 
1933. Continued the large scale geo- 
logical survey of the Mogok Stone Tract 
and left for the field on the 2nd Nov- 
ember, 1933. 

Assistant Superintendents. 

. Be turned from the field on the 15th May, 
1933. Appointed to ofiO-ciate as 
Superintendent from the 27th March to 
the 21st September, 1933, and 
again from the 5th October to the 
22nd December, 1933. Placed in 
charge of the Southern Circle till the 
22nd December, 1933, and left for 
the field in the Central Provinces on 
the 10th November, 1933, 
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Assistant Superintendents — contd. 

Mr, G. V. Hobson . On leave preparatory to retirement. 

Rao Bahadur M. 

ViNAYAK Rao . . Retired from service from the 14th Feb^ 

ruary, 1933. 

Mr. E. J. Bradshaw , Returned from field work in Assam on 

the 12th March, 1933. Attached to 
the Burma Circle and assumed charge 
of the duties of the Resident Geologist 
and Official Member, Yonaiigyaiiiig and 
Singu Oilfield Advisory Boards at Ye- 
nangyaxmg on the 20th March, 1933. 

Dr. a. L. Cuulson . Remained at headquarters in charge of 

Office as Assistant Director. 

Mr. D, N. Wadia . Remained at headquarters as PalaEsont 

ologist. Granted leave on average pay 
from the 11th to the 22nd December, 
1933, with p<3rmission to affix the 
Christmas holidays. 

Dr. J. a. Dunn . . Returned from the field on the J7th May, 

1933. Attached to the Southern 
Circle and loft for the field in Bihar and 
Orissa on the 23rd October, 1933. 

Mr. C. T. Barber . Continued as Resident Geologist at Ye- 

nangyaung till the 13tn March, 1933. 
Granted leave on average pay for 8 
months combined with leave on half 
average pay for 20 months, prepar- 
atory to retirement, from the 17 th 
March, 1933. 
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Assistant Superintendents— contd. 

Mr* E. K. Gee • * Returned from the field on the 14th Juno, 

1933. Attached to the Northern 
Circle and left for the Salt Range, 
Punjab, on the 6th October, 1933. 

Mr. W. D, West , Continued to act as Curator of the Geo- 
logical Museum and Laboratory till the 
20th April, 1933. Granted leave out 
ol India on average pay for 6 months 
and 23 days fiom the 21st April, 1933. 
Returned from leave and resumed duty 
on the 11th November, 1933. At- 
tached to the Southern and Northern 
Circles lor woik ni the Central Provinces 
and the ILmalaya respectively and 
left lor field work in the Nagpur 
district on the 27th December, 1933. 

Du. M. S. Kkiphuan , Returned Irom tlie field on the 19tb 

Ajull, 1933 A})pointed Curator oi the 
Geological Museum and Laboratoiy 
from the 21st Axiril, 1933. 

Mr, P, Leicester . Retired liom service from the 7th May, 

1933. 

Dr. S. K. Chattekjek . Retired from service from the 30tli 

August, 1933. 

Mr. J- B. Audejnj , . Returutd from the held on the 9th May, 

1933. Granted leave on average pay 
for 6 months and 8 days combined with 
study leave for 1 month and 10 days 
from the 31st Ma}’', 1933. Attached to 
the Northern Circle for continuing his 
work in the Outer Himalayas on return 
from leave. 
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Mr. V. P. SoNDHI 


Mr. B. B. Gui'Ta . 


Dr. If. L CjiiiUiiiEK 


Dr. r. K. Gnotfii . 


Dr. M. R, Sablni . 


General Reqaarl for 7 

Aadsitant S uperirUendefUs — c‘OU fid. 

, Granted leave ou average pay Itoui tke 
12th to the 31st January and irom the 
5th to the 20th Fel)ruary, 1933, Iroin 
the field in the Houllieiii Shan Srate^. 
Deputed to <*xamiJLe th(t Gyolyu aid 
Nyaunglobin Lakes ScLeiue of tlu* Ban- 
goon Corporation irom tin* oth In tlic 
22nd Ma 5 ^ 1933. K<;turned to tin* field 
on the 28tli Ma)', 1933, and ar lived 

back m Rangoon lor rcooss on the 
4th July, 1933. Attached l(> the 
Burma Circle to continue lus woik ui 
the Southern Shan States and left ioi 
the field on lln^ 3rd No\embei, 1933. 

. Retired Iron L sciMc-e jioiu (lie lat Moveiu- 
ber, 1933. 


'^Jjolm ^StfperntU 

. Granted (^xteaision of leave out ol India 
on hall average 2 >ay lot 2 months «ind 
14 days and leavt? witliout allowance 
lor 12 days in ('ontmuation ol ^t udy 
leave foi 7 months, ii*om the, 2nd March* 
1933. 

Returned lioni the lu*id on the 7Lji A]>ril, 
1933. Attached tv) tlic Southern C'uch* io: 
work in tht) Centiai Province ^ and ielt 
lor the field on the 17th Moveinl^ei, 
1933. 

. Returned to Rangoon for recess on tlie 
i3th June, 1933. Attached to the 
Burma Circle to continue Ills wot k in 
the Northern Shan States and hit loi 
the fiokl on the 3rd November, 1933. 
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Bxlra Assistant SuperivU&ndents — contd. 

Mb, P. Uhattaoharji . Returned from the field on the 2nd May, 

1933. Granted leave on average pay 
for 1 month and 10 days from the 13th 
November, 1933, with permission to 
affix the Christmas holidays. At- 
tached to the Southern Circle to 
continue his work in the Bhandara dis- 
trict. 

Mk. B. C. Gupta . , Returned from the field on the 3rd May, 

1933. Attached to the Northern 
Circle for work in Bombay Presidency 
and left for the field on the 20th 

November, 1933, 

Mr. 11. M. Lauibi . Returned from the field on the 4th May, 

1933. Attached to the Northern Circle 
to continue his work in the Hoshiarpur 
and Kangra districts and left for the 
field on the 8th November, 1933. 

Dr. L. a. Narayana 

Iyer . . . Returned from the field to, Rangoon for 

recess on the 8th May, 1933. Granted 
leave on average pay from the 12 th 

May to the 4th Juno, 1933. Attached 
to the Burma Circle to continue his 
work in the Mogok Stone Tract and 

left for the field on the 5th November, 
1933. 

Mr. P, N. Mukerjee » Returned from the field on the 3rd May, 

1933. Granted leave on average pay 
from the 12th to the 31st July, 1933. 
Attached to the Northern Circle for 
work in Bombay Presidency and left 

for the field on the 14th November^ 
1933. 



Dk. a. K. Dey . . Keturned from the ield on the IMh 

1933, again left for tie field on the Srd 
May and returned on the 24tli May, 
1933. Attached to the Southern 
Circle and hdt for the field in Bihar and 
Orissa on the 20th November, 1933. 

Mr. Austin M. N. 

Ghosh . . . lleturned from the field on the 19th April, 

1933. Oonlirnied in the grade of Extra 
Assistant Su])erintendent from the 
15th March, 1933. Attached to the 
Northern and Soutliern Circles for work 
in the Punjab Salt Range and in Assam 
respectively, and left for the field on 
the 21st October, 1933. Returned 
Irom the Punjab on the 31 st December, 
1933. 


Artist, 

Mr. K. E. W ATKINSON . On leave preparatory to retirement. 


Assistant Curator, 

P. C. Roy . , .At headquartcus. Granted leave on 

average p£iy from the 4th January to 
the 4th March, 1933 


Field Collectors, 

N. K. N. Aiyenuar . At headquarters. Granted leave on 

average pay from the 3rd May to the 
21st June, 1933. Attached to the 
Northern Circle and left for the field 
on the 31st Docaznber, 1933. 
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A. B. Dvti 


Mamai>eo Kam 


1). Gupta . 


M. S. Vknkatham 


Field Collectors — ^contd. 

. At headquarters. Promoted to the 

post of Field Collector on probation 
for one year Irom the 15th March, 
J 933. Granted leave on average pay 
from the 1st to the 31st May, 1933. 

Attached to the Southern Circle for 
woik under Ur. J. A. Dunn in Biliar 
and Orissa, and l<?lt lor the held on the 
25th October, 1 933. 

Abbi stunt Chem tst. 

. At headquaitojvs. Granted leave on 

average pay from the lOlh to the 30th 

April, 1933. 

M u scum A ss ibta n lb . 

At headquaiters. Granted leave on 

averag<^ Xiay irom the Stli November 
to th(j 22nd December, 1931, with jiei- 
inission to ahix the Christmas holidays. 

. Appomt<^d as Museum Assistant substant- 
ively on xirobation lor one year Irom 
the 1 5th March, 1933. Granted leave 
on average pay fiom the 5th to the 
31st October, 1933, with permission to 
Xirelix the Puja holidays. At head- 
quarters. 


I ary M useum Ass? stunt . 

V. Bhaskara Bag Appointed as Temporaiy Museum Assist- 

ant from the 3rd July, 1933, subject 
to the jiroduction of a medical cert- 
ificate of health. 

2. The cadre of the Department consisteil of 3 Supeiinteudents 
and 10 Assietant Suqiekmxtendents. 
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General Report for 19S3, 


ADMINISTRATIVE CHANGES. 


3. Dr. A. M. Heron officiated as Director from tlie 5t]i Ochiber 
to the 22nd December, 1933, vice Dr. L. L. Fermor on leav<^ 

Mr. H. Crookshauk officiated as Sujxniutendent irom the 27t]i 
March to the 21st SeiMcinbor, 1933, vice Dr. A. M. Heron on Jeavc, 
and again from the bth October to the 22n(l 
poiiitinlmts”* December, 1933, vice Dr A. M Iloron offi<;- 

lating as Director. 

Mr. W. D, West acted as Curator ol the (ieologicaJ Miiseum and 
Laboratory up to the 20th April, 1933, and tlu*realtcr Dr. M. JS. 
Krishnan. 

Mr. A. M. N. Gliosli was oontirmed in the grade oi Kxlia Assistant 
Supermteudent with iioni the loth Maielv, 193Ii. 

4. Dr. 0. lie J\ (titter, SupeniUi‘udenl . le- 
liied Iroin the sejvie<‘ wdth idtect Ironi the 28th 


Hclireineiit. 


August, 1933. 

Mr. 11. 0. Jones, Sujierintendeiit , retneil lr(»ni the seivjce with 
eflect from the 25th June, 193.‘h 

Kao Bahadur M. Yinayak Kao, Assistant Superintiuideni , letired 
irom the service wutli <diect irom the J4th Febuiarv, 1933. 

Mr. P. Leicester, Assistant »8uperii}tendent , jetired liom the 
seivico w'jtli clTcct Irom the 7th Ma>, 1933 

Dr. S. K Chatterjee, Assistant Superintendent , Jtd-'ietl from tlio 
service vuth eflect irom the 30th August, 1933> 

Mr. B. B. Gupta, Assistant Su])eriii tend cut, retired tiom the 
service with eifect from the Jst l>]ov^embej*, 1933, 

5. Dr. L. L. Fermor w'as granted combiiujd leave tait; oi Imiia 
for two months and niucteeii days with oifeci irom the 5th October, 
1933, wdth xjeimission to pieflx tin* Puja liob- 
aavt. days and to affix the Christmas liolidays. 

Di*. A, M. Hiuoii was gianted leave out ol India on average jiay 
loi six months with effect irom the 27th March, 1933. 

Mr. D. N. Wadia was granted leave on average pay lor twelve 
days with elfeet fiom the ilth Decembe*, i 933i, with pei mission tu 
affix the Christmas holidays. 

Mr. C. T. Barbel was granted combined leave ior two years and 
lour months with effect from the 17th March, 1933. 

Mr. W. D. West was granted leave out of India on average jiay 
for six months and twenty-three days with effect from the 21st 
April, 1933. 
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Mr. J. B. Auden was granted combined leave for seven montlis 
and eighteen days with effect from the 31st May, 1933. 

Mr. V. P. Sondhi was granted leave on average pay for twenty 
days with effect from the 12th January, 1933, and again for sixteen 
days with effect from the 6th February, 1933. 

Dr. H. L. Chhibber was granted extension of leave out of India 
on half average pay for two months and fourteen days and leave with- 
out allowance for twelve days in continuation of study leave for 
seven months with effect from the 2nd March, 1933. 

Mr. D. Bhattacharji was granted leave on average pay for one 
month and ten days with effect from the 13th November, 1933, with 
permission to affix the Christmas holidays. 

Dr. L. A. Narayaua Iyer was granted leave on average pay for 
twenty-nine days with effect from the 12th May, 1933. 

Mr. P. N. Maker jee wa^ granted leave on average pay for twenty- 
one days with effect from the 12th July, 1933, 

LECTURESHIP. 

6. Mr. W. D. West continued to act as a part-time Professor of 
Geology at tlie Presidency College, Calcutta, up to the 20fch April, 
1933, thereafter Dr. M. S. Krishnan from the 24th July, 1933. 

POPULAR LECTURES. 

7. Two popular lectures were given during the year by Mr. A. M. 
N. Ghosh, arising out of his work with Dr. C. A. Matley on the dino- 
sams near Jubbulpore. The first was ‘ On the making of Jubbul- 
pore ’ and was delivf^r^^d before the Central Provinces and Borar 
Geographical Association, Jubbulpore : the second was on ‘ Some 
Prehistoric Reptiles of India % and was delivered befoie the Bengal 
Women’s Education League, Calcutta. 

PUBLICATIONS. 

S. The following publications wore issued during the year under 
report : — 

1. Records, Vol. LXVI, Part 4. 

2. Records, Vol. LXVll, Part 1. 

3. Records, Vol. LXVII, Part 2. 

4. Records, Vol. LXVII, Part 3. 
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6. Memoirs, Vol. XVIII, Part 1 (Reprint). 

6. Memoirs, Vol. XXI, Part 2 (Reprint). 

7. Memoirs, Vol. XXI, Part 4 (Reprint). 

8. Memoirs, Vol. LV, Part 2. 

9. Memoirs, Vol. LXII, Part 1. 

10. Memoirs, Vol. LXII, Part 2. 

11. Memoirs, Vol. LXIII, Part 1. 

12. Memoirs, Vol. LXIV, Part 1. 

13. Palaoontologia Indica, Now Series, Vol. IX, Memoir No 2 

Part VI. ’ * 

14. Palscontologia Indica, Now Series, Vol. XXI, Memoir No. 1. 
16, Palaeontologia Indica, Now Series, Vol. XXIl, Memoir No. 1. 


LIBRARY. 

9. The additions to the library amounted to 3,278 volumes of 
which 1,055 wore acquired by purchase and 2,223 by pn^sentation 
and exchange. 


DRAWING OFFICE. 

10. The Artist, Mr. K. F. Watkinson, was on leave preparatory 
to retirement, and Mr. S. Ray hold charge of the Drawing Oflico 
throughout the year. 

11. During the year, 135 half-tone and lino blocks were prepared 
for plates of the Records, Memoirs and Palceontologia Indica and 

Publications. 80 plates were printed off. 6.-5 drawings’ aud 
62 line blocks lor text figures, wore also pre- 
pared. 

The number of geologically colom-ed originals received from 
officers totalled 165, while 2,449 topographical shoots wore received 
from the Director, Map Publication, Survey of India, and 555 were 
issued for departmental use. 

12. This department was fully occupied with copying, developing 
and printing work for publications and reports. The number of 

Photographic Section. totalled 239, whil, 

1,534 photographic prints were made. In 
addition, 105 lantern slides were prepared. 
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staff. 


Chemical work. 


MUSEUM AND LABORATORY. 

13. Mr. W, D. West continued as Curator of the Geological 
Museum and Laboratory till the 20th April, 1933, when he pro- 
ceeded on leave and was replaced by Dr. M. S. Krishnan. 

Babu Puma Chandra Roy, Assistant Curator, was on leave from 
the 4th January to the 4th March. Babus Dasarathi Gupta and 
Anil Bhusan Dutt continued as Museum Assist- 
ants, but the latter was promoted to the post 
of Field Collector from the 15th March. M. R. Ry. M. S. Venkatram 
continued to work as temporary Museum Assistant until 15th March, 
when he was apx)ointed substantively vice Babu Anil Bhusan Dutt 
promoted to the Field Collector’s grade. M. R. Ry. V. Bhaskara 
Rao was appointed as temporary Museum Assistant from the 3rd 
July. 

14. The Department is now ^vithout a Chemist, though there has 
been no diminution in the amoimt of work in the laboratory, follow- 
ing the reduction in the personnel carried out 
recently as a measure of retrenchment. As a 

result, a considerable amount of analytical v^oik has had to be done 
by the Apsjstant Curator, at the cost of intorforence with hivS routine 
duties in the Laboratory and Museum, In addition, a limited 
number of analyses have been made abroad. The need for a chemist 
is, in fact, very keenly felt, and it is hoped that Government will 
take up the question of appointing one at a very early date. 

15. The transfer of the charge of the field instruments from the 
Artist to the Curator has necessitated a considerable amount of 

labour on the part of both Mr. West and Dr. 
Krishnan, in rearranging and renumbering. 
The work of the Curator has steadily been increasing during the last 
few years, so that at prt^sent his time is fully occupied with the routine 
duties connected with the post, leaving him no time for chemical 
work to reduce the inconvenience earned by the loss of our Chemist. 

16. During the year, the number of specimens referred to the 
Curator for examination and report was 530, and assays, quanti- 
tative analj^ses or other special determinations 
were made of 50 of these. The corresponding 

figures for 1932 were 385 and 44 respectively. The quantitative work 
included assays of ores of copper, silver, gold, chromium, iron and 
vanadium, and analyses of bauxite, cement slags, limestone, dolerite 
and coal and special tests of clays, sands and ochres. 


InstrumenU. 


Determinative work. 



Pabt J.] 


General Report for 193S^ 


15 


Donations lo instit- 
utions, etc. 


17. Presentations of Indian rocks and minerals 
were made to the following institutions during 
the year under review : — 


1. The Sedgwick Museum, Cambridge, England, through Dr. 

A. Harker. 

2. Tlie Secondary Training College, Bombay. 

3. The Department of Chemistry, Aligarh University. 

4. The private sc.hool of Mrs. S. A. Sarabhai, Sahibag, Alimed- 

abad. 

5. The Forest Museum, Hinoo, Ranchi. 

6. The East Indian Railway High Englisli Sijhool, Asansol 

7. The Baidyashastra Pith, Calcutta. 

8. The Geological Survey of Tanganyika, Dodoma, East Africa. 

9. The Bengal Engineering College, Sibpur, Howrah. 

10. The Raipur Museum, Raipur, Central Provin(;es. 

n. The Department of Applied Chemistry, University Collog*? 
of Science, Calcutta. 

12. The School of Higher Commercial Studies, Montreal, Canada. 


In two cases among the above (Nos. 4 and 12), the specimens 
were supplied at a nominal charge. In addition, the following 
specific representations wore made : — 


1. Beryl crystals, to Borgassessor Dr. E. Kohl, Preuss. Geolog. 

Landcsanstali/, Berlin. 

2. Beryl crystals from various Indian occurrences, to Lord 

Rayleigh, London. 

3. Volcanic ash, to Messrs. Francois Cementation Co., Ltd., 

Poona. 

4. Corundum cry^stals, to W. H. Bates, Esq., Bum & Co.’s 

Pottery Works, Raniganj. 

5. Specimens of latcrito, to Prof, Hermann Harassowutz, Uni- 

versity of Giessen, Germany. 

6. Samples of Indian coal, to Prof. J. W. Cobb, University of 

Leeds, England. 

7. Samples of Indian coal, to the Low Temperature Carbon- 

isation, Ltd., London, England. 

8. Specimens of lignitic coal, to Sir C. V. Raman, Indian 

Association for the Cultivation of Science, Calcutta. 

9. Specimens of coal, to A. K. Banerji, Esq., Bengal Engineer- 

ing College, Sibpore. 
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18. The officers of the Department collected, as usual, a large 
number of specimens in the course of their work. Among these 
particular mention may be made of a fine beryl 

Additions to colled- crystal measuring ten inches along the vertical 
ions of the Depart- *'. • -uj. - \ i iv 

ment. o^xis and eight inches across, and weighing 48 lbs., 

collected by Dr. P. K. Ghosh from the L. N. 
mica mine, Nellore ; and stalactites of rock-salt from the salt mines 
at Khewra and Warcha, Punjab, by Dr. L. L. Fermor. In addition, 
the following Indian specimens were received and incorporated in 
the collections of the Geological Survey of India : — 

1. Refractory bricks (firebrick, chrome, magnesite, lisil and 

claysil), presented by Messrs. Bum & Co. 

2. AUanite from Kurinjakulam, Tinnevelly district, Madras, 

presented by Mr. V. S. Sambasiva Iyer. 

3. Vanadiferous iron-ore, from Dalma Hill, Singhbhum, presented 

by the Bibar Mining Corporation. 

4. Beryl from Vadesamudra near Bangalore, presented by 

the Mysore Geological Department. 

5. Silica brick converted into tridymite, presented by Dr. E. 

Spencer. 

6. Ornamental objects made of salt, from Kalabagh, Punjab, 

presented by Mr. E. R. Gee. 

7. Transparent barytes, from Balpalapalle mine, Kumool dis- 

trict, Madras, presented by M. R. Ry. B. P. Sesha Reddy 

Garu. 

8. Fuohsite-quartzite from EaswarahalH, Kadur district, My- 

sore, presented through the Hon’ble the Political Res- 
ident in Mysore. 

9. Sheared coal from Sisneri Khola, Nepal, presented by 

Mr. H. M. Sale. 

10. Alimogen from Cuddapah district, Madras, presented by 

the Director of Industries, Madras. 

11. Graphite from Pedakonda, East Godavari district, presented 

by the Collector of East Godavari. 

A fine collection of geodic minerals, zeolites and calcite mostly, 
from the Deccan trap at Bombay, was purchased from Mr. 
J. Ribeiro, and added to the collections. The following foreign 
specimens were also acquired : — 

1. Cassiterite from Mwirasando tin-field, Uganda, presented by 

Miss J. H. Robertson, 
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2. Quartz crystal from Tibet, presented by Mr. J. Van Manen. 

3, Tourmaline crystal from Tibet, presented by Mr. Dhanbir 

Singb Khattri. 

1. Eight specimens, consistmg of manganese -ore, associatovl 

saiidstont^ and the underlying decomposed granite, from 

Nicopol, Kepublic of Gt^orgia, 11. S. 8. K., by exchange 

with Professor Loewinson-Lessiiig, Leningrad. 

5. Malachite fioni Kaml>ove mine, Ilelgian Congo, and chr 3 ^o- 

tilo asbestos from Oaths mine, Mashaba, Southern Rho- 

d<isia, from the [)nvate colleelions of th(j late Sir Henry 

Hayden, tliroiigh the courtesy ol Mr. A. A. Vlasto. 

19. In tlio Lal)oratory of the Itangoon offu!*' Mr. L. R. Sliarma 

continued his duties as Cliemical Assistant to th(‘ Burma Circle. Up 

„ ^ to the end of October, 1933, 78 specimens wwe 

Rainjoon Office. .. , i. c \ ^ia 

ie(auvefi ami r(!])ort(ai ii^ion, out ol winch 34 

wore quantitatively determined. The speiunuuis examined incduded 

a. variety of rooks from Mogok, sands ami c.lays trom the Pegu Yomas, 

Jimestoims, ]ead-or(‘s and if'puted gold-ores from tlu^ Slian States and 

reputed gold-ores from the Katha district. 


PETROLOGY. 

2(1- As a result of a liasty visil to I'avagad llill in 1905 vvhd^3t 
(examining the mauganesi^ore deposits ol the Pane.l) Mahals, J c,on- 
Pttvasad Hilk Panel! f^*ibut(*d a jiaper on th(‘ lavas constituting this 
Mahals, Bombay Pres- hill, < I (‘S< gibing tliem in agre(UuerLl witli Die 
vjcw^ that this bJoe.k, first visited by W. T. 
Rlanford, was an outlier of the llecean Trap formation ‘ Some two 
or thrt’C years ago, how<^ver, th<^ view’ was advanced tiiat this lidl 
marks the site of a volcano ol the c<mtral tv|K‘ and tliat the summit 
ihyolite is the core marking the (.mitral V(mf. of th(^ volcano.'' 
Accordingly T asked Dr. Heron s])(‘<*.ially to le-o-xamimi Pavagad 
Hill with this possihihty in view, wlum an opjiortiinity should arise 
in the course of his insjieetion duties. 

Accordingly, besides examining tlu^ locks of the ChamjianPr 
s(uies (see page 25) in North Bombay, Dr. Heron also re-examined 

1 Bic. Ofoh iSvrt, l7id., XXXIV, pp, 14S-)G(., (190fi). 

® This 'vie'w has found exprc‘.«»sion in a paj^cr ty IVri. V. 8. Dubey irad beforr tlio itidian 
Science Oongiess at Poona this January (I9JJ4). and aleo in I'rofcBfeor K. K Maibiu’.i 
Presidential Address to the geological section of the Congress. 

a 
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Pavagad Hill. Dr. Heron reports that Pavagad Hill is an outlier 
of Deccan trap, exposing a thickness of over two thousand feet of 
basalt flows, resting on a platform of ‘ Nimar sandstone ’ (Bagh 
beds), which in its turn lies unconfoimably on Aravalli (formerly 
called ‘ Ohampaner series ’) phylhtes. The basalts and the sandstone 
have a gentle northerly iiichnation, so that the sandstone appears 
only at the southern base. The basalts are capped by a single flow 
of rhyolite, which is considerably thicker than any of the basalts. 
The abundant blocks of rhyolite, often of great size, which strew the 
gentler slopes, are all derived from this, the only ihyolite. Its base 
is well exposed, restmg horizontally upon a few leet of soft, earthy 
red rock, which may either be tuh, or ‘ moorum ’ (decomposed 
trap) ropresentmg an old land-sinface. This has in places been 
caved from below the rhyolite, exposing the horizontal base of the 
lattei lor some feet in, and proving that it is not a plug. Dowm 
wards this lod rock passes into more coherent, but still soft, green 
rock. Additional proofs are in the horizontal fluxion structure, and 
the vertical jointing of the rhyolite, which starts liom both upper and 
lower suiiaces, and divides the flow into rude vertical monoliths. 
This joinUng is not continuous from top to bottom, but 
leaves a central poition in which the jointing is spaiser and less 
regular. The position of the rhyohto, lesting on a much more easily 
eroded layer, lias made it liable to denudation^ but it is extremely 
resistant against decomposition. The hard angular blocks stiewing 
the base ol the hill show a little difieiential eiosion of the fluxion 
layers, but the lock is very resistant to atmosi>heric weathering, and 
it IS the joints, and not the fluxion layeis, along which it breaks up. 
The picsence of th(^ ihyolite is the factor which has preseived this 
isolated outlier from removal. 


PAL/EONTOLOGY. 

21. Mr. D. N. Wadia acted as Palaxintologist throughout the year. 
X. Iv. X. Aiyei»gai, Pield Collector, assisted the Palaeontologist 
in routine Museum work and ui the determination of specimens. 
When he was on leave these duties were attended to by M. S. 
Veiikatram, Museum Assistant, in addition to other routme work.*^ A. 
B. Dutt, Field Collector, completed the cleaning, relabelling and 
rearranging of the Khpstem collection m the Invertebrate Fossil 
Gallery. 
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22. During 1933 the following memoirs have boon published in 
tile Palaeonioloffia Indica : — 

(1) L. F. vSpath : ‘Revision of the Jurassic O^])halopod Fauna 

of Kacch’, Part VI of Memoir No. 2, Vol IX of the 
Now Series, 

(2) F. Baron Von Hueno and 0. A. Matley : ‘ The Cretaceous 

SaurLschia and Ornithschia of the Central Provinces of India^ 
Memoir No. 1, VoL XXI of the Now Series. 

(3) E. L. C. Clegg : ‘ Echinoidea of the Peisian Cuif\ Memoir 

No. 1, Vol. XXII of the Now Series. 

The following ]>apera of paJjeontological interest hav(^ ap})earod 
jU the Rv'onls - 

(1) ‘ Stratigraphic Sigmlieanee of the Fusiilmids of the Lower 

Produ(‘tua Limestone of the Salt Range’, by Carl O. 
Dunbar (Vol. LXVl, Pt. 4). 

(2) ‘ Diidoxylon zalef^sJcyi, a new species of Cordaitoan 'rre<!s 

fiom the Lower Condwanas of India’, by B. Sahni 
(Vol. liXVI, i^t. 4). 

(3) ‘ A Fossil Pcmtalocular Fiuit from Pondicherry, Soutli India’, 

by B. Sahni (Vol. LXVI, Pt. 4). 

( j) ‘ Anlliracolithic Faunas of the Southern Shan States’, by 
F. R. Cowper Reed (Vol. LXVII, Pt. 1). 

The iollowiiig ])a])ers of ])alajontologi(jal interest are in the Press 
and are oxiiectod to be published in 1934. 

Palavonlologia Indica. 

(1) L. F. S[)ath : ‘The Jurassic and Cretaceous Ammoiniet 

and Belemmtes of the Attock Distiict*, Memoir No. 4, 
Vol. XX of the Now Series. 

(2) F. R. CoAV]ier Reed : ‘ Cainbiiiin and Ordovician Fossils 

from Kashmir’, Memoir No. 2, Vol. XXI of the Now 
Serns. 

23. Some mammalian bones, collected from a coal seam in the 
Kathmandu valley, Nepal, were sent to this Department by the 

British Envoy at tlie Court of Nepal, for 
\crtebratch. examination. The coiloction, ihough frag- 

mentary, iiaduded one bovid horn-tiore and a large limb-bone. The 
liorn-core was dospaiehcid for examination to Dr. (L E. Pilgrim, who 
IS now <ingaged in the revision of the Indian Cavicoruia fauna. 
The large limb- bone, which was susxiocted to be a humerus of 

c 2 
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Baluchithenum, a giant rliinocoros of Oligocene-Miocene age, was too 
imperfectly preserved for definite identification. However, on com- 
parison it was found to resemble closely the left humerus of Elcjahas 
or an allied extinct genus belonging to the family Kl<^p}iantidao. 

In the course of his field work, Mr. II. M. Lahiri made a collection 
of vertebrate fossils from flari Talayangar (31'’ 32' : 76° 37' 30"), the 
famous fossil locality iii the Bilaspur State, Punjab. The collection 
includes a few specmnuis that were purchased from the local peo])lc. 
The specimens, which were all obtained from th<i Middle Siwalik 
beds, have been provisionally identified by Messrs. Laliin and 
Aiyeiigar as Dryo'pithccas pmijahieus, Pdg., Mastodon sx)., Sivaonyx 
bathygnathus (L 3 ^d.), Potamothenum {i) hasnoli, Pdg., Ihppajion 
punjabiense, Lyd., Anthracothei ium (MicH^bunodon) siUst/ense, Pont., 
Dorcathorium sp., llydaspult^num mcgacA^phaVu^m. Lyd, Truyoanis s}) , 
Viv^TTa sp. and a few aidelopiue ])remo1ars. 

At Malgin (33° 19' 30" : 71° 31' 30") in the Kohat district. North- 
West Frontier Province, a further (jollection of fossil fish was 
obtamed from the thin shaly bands that aio intercalat(‘d in the 
gypsum at tlnj top of thi* Balt Marl. These have been sinit to Hr. 
E. T. White of tlie Natural History Museum, South Kensington, 
London, for examination an<l des(Tij)tion. 

T)r. 0. A. Matbiy, who conducted the Jbucy Slad<‘ii Trust. (‘\j)rd- 
itiou for th<i search of reptilian fossils in the CJentrcd Jhf)vin(.es, 
and was assist(‘d in this work by Mr. A. M. N. (diosli, r(ij)orts thiit 
he obtaimnl from the Lameta dc])Osits of JubbiiljiOKi on the slop<is 
of Chhota Simla Hill, about a hundred ami lorty fossil bones, consist - 
ing of teeth, skull, binb-bones, vertebrije, etc., belonging to tiui 
sauropod and therop»>d dmosaiiriaiis. He is of the o])miou th.it 
in this collection ar<^ imiudiHl hitherto uidaiown X‘nrts ol the anatomy 
of dinosaurs. Ho also believes that it is probable that all of the 
sauropod boiu^s belong to a single individual, a cii-cumst.ance whicli 
may help us to obtain a fuller knowledge of the size and shape of 
individuals belonging to the species. Dr. Matley mentions four now 
localities for fossil reptiles in South Ilewah, namely west of Miinda, 
south of Maliagura, near Ghunghuti on the Kachodar road, and 
south-east of Lakhanpura, from all of which dinosauiiau remains 
were collected. In addition, he collected fragmentary limb-bonos at 
Amakhoh. 

A visit was also paid to Pisdura in the Chanda district, where 
besides dinosauriau remains, a fish vertebra and a largo number of 
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fragments of a chelonian carapace were obtained from the surface of 
plougliod fields. Associated mth these wei*e abundant freshwater 
gastropods- -Palttdina, Limnaea, BulUnus, eic., characteristic of 
lutertrappean bods elsewhere. 


lit. The ri', -arrangement of the whole collection in the Inver- 
tebrate gallery lias been completed; all Ihe fitdd collections as well 

- , ^ as the dui)li<!ate collections aie now arrangeil in 

Invertebrates. /. , 

stratigraphic order. 


A collection of prepared specimens ol Upper Cretaceous and 
Eocene limestones and marls from North-West India, containing the 
smaller foramimfera, has been sent on loan to Mr. Dale Coiulit ot 
California Univeisity for study and comparison watli mi<n*o-protozoa 
obtained from diill-oorcs of borings for p(dioh‘.uin in th(j Bahrein 
Island, Persian Culf, by the Standaid Oil Company. The nisults of 
this exanii nation are likely to lie of coiisidiuable value for stiati- 
graphic 13 u rposes . 

Dr. Matley and Mr. A. M. N. Ghosh loutui an abundanc^^ of frivsh 
water Ibiionidu* in the Lamcta scarp north of Amakhoh, Jubbuljjore 
district. Ae-coiding to Dr. Matley this is the first find of molluscs 
in the Lami'ta"' of Jubbulpore district. Eroslnvater lutertrappean 
molluscs such as Pahicliva, Linmaetty fhdlwus, etc., wine also dis- 
<*overed b}" th<jm at a iiumf>or of Jiitherto unrecorded localities, 
<\specia]ly east of Binaora, Jiewah State. 

Dr. M. il Sahui rojiorts the disiaivery of several now Middb^ 
Jurassic (Bathonian) fossil localities in tlui Noithein )Sha,n States. 
The mofit inipoitant one is situated a!)out half a mile east of Kongnini 
(23° 45' : 97° 55' 30") and another about a mile south-east of Kawiig- 
hka (23° 50' 30": 97° 59'). Tho ehkd iiiteiest Ik^s in the presence 
ol prolific lamelli branch faunas at. both llu-so localities. So far, 
practically no Bathonian laniellibranchs Juue Ixaui described from 
the Northern Shati States, tlui launas consisting mainly of the Brach- 
iopods Burmu'hyyi cilia and iloliolhyi Jh)tlL these giuieia have 
been found at Kongnim associated with lanudlibraiichs, but they 
are absent from Kawnghka. Among the spi'cies identified are Burmi- 
rhynchia namt/aensis, Buckmau, B. irregularis ^ B. sencUs, B, s}iane7isis 
B. hpalaicnsis, B, 7\amyucnsis, B, depressa and Holcothyris pinguis, 
H. expansUy H. angulata, as well as new spi cios of Ilolcothyns and 
Burmirhynchia. The lamellibraiichs belong to the genera Leda, 
Nucula, Mytilus, CrassatelUtes, Aslarte, Thracia, Pecten Ostrea and 
Lima. 
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Another jintorosimg find is a Fusulmid, j[)robably alliofl to Schwaff* 
crtna, from the Platoau Limostono. 

Reference was made in last years report to the collections of 
o\)ta\ned \)y Mr. V. P. Sondlti from the Southern Shan States 
and sent to Dr, P. R. Cowper Reed ot Sedgewick Museum, 
Cambridge, for examination, Dr. Cowper It.eed has since rojmrted 
that there is suffici(int material for a memoir in the Palacoriiolocja 
JntUca. He has, howev<^r, been n^quested to defer the preparation 
of such a memoir until he has <ixamined further fossil collections 
obtained by Mr. Sondhi dining the past field season from an area 
adjoining the one from which the previous collections were obtained. 
These collections, which come from 12 localith^s, have been reglsti^red 
in the Rangoon Office and have been forwarde<l to Dr. Cowper Reed. 

The collections made by Mr. P. N. Mukerjeo from the Bagh bods 
of Jhabua and Ali Rajpur States in Central Lubii are noticed on 
page 71. 

25. The interesting collection of })]ant fossils (‘collected by Mr. 
N. K. N. A'yengar of this Diipartment in the Paisora area, South 
Rewah, has been sent to Prof. B. Sahni 
of the Ijiicknow University for examination. 

Prof. Sahni has continued his jcsearches on the post-Condwana 
flora of India both on mateiial supplied from this Department an<l 
that collected by himself, the results of which arc to be incorporated in 
his forthcoming monograph on the fossil monocotyledons of India. 
Interesting results have Ixsen obtainiul jrom a detailed study of the 
silicilieil flora of tln^ Deccan Intertrappenn beds of tlie Nagjiur- 
Chliindwara area, wlntdi, according io Piofessor Sahni, lend support 
to the view that the beds may be of Eoiuuio and not of Upper Cretac- 
i‘,ous age, the affinities (d the flora as a whoh) bmng decidedly T(^rtiary 
rather fhan Cretaceous. Such a view% is, of course, opposed to the 
general view that tlie main jioHion of the Deccan trap is Ma(js- 
trichian and Danian in age, as judginl iiom the marim^ and fresh water 
mollusca which abound in some of the intiucalated sediments both 
in the Peninsular and exIra-Pcninsular area. The main features of 
the intertrappean flora are : a veiy maiked preponderance of palms, 
a group of which appeared first in the Cretaceous, but gained enonn- 
ously in importance during the Tertiary ; the occurrence of Nipa~ 
diteSy a genus more tyjiical of the Eocene than the older system ; 
and the occurrence of an undoubted species of Azolla in some chert 
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blocks collected by Mr. H. Crookshaak from the Sausar talisil of 
Chiindwara district. The onty previous fossil record of this genus 
is from the Tertiary of the Isle of Wight. 

The Department’s collection of the Indian fossil monocotyled- 
onous flora, consisting ot some 53 species of petrified stems, fruits 
and leaves, is being investigated by Dr. Sahni and he finds it possible 
to make some g(meral observations thereon. The great majority 
of these fossils consist of petrified stems and thus emr knowledge 
ot the fossil monocotyledons is chiofiy based upon the anatoni> , 
this is satisfactory from the point of view of specific determinations , 
but, on the other hand, owing to the scarcity of leaf-impressions 
our knowledge of the habit of these plants renniins meagre. Perhaps 
the most striking feature/ of the Indian fossil monoi^otjdedonous flora 
is the gi’cat prepond (‘ranee of palms, the only other families yet 
definitely recognised being the Gramineae and the Ziugiboraceain 
During a visit to Jatta (33^ 18' 30": 71° 17' 30''), Kohat distiict, 
North-W(v^t Frontier Province, Mr. E K. Gee found well-preserved 
fossil leaves, probably of dicotyledonous type, in ceitain thin bands 
of soft clay and sandstone that are mterstratified with the grey rock- 
salt of the salt quarries of that area. From tlie red marl associated 
wdth the rocksalt and topmost gy])sum, he ()l)tained a number of 
foraminifera. 

20. During the year under nwiew, prc'seutation ot fossils were 
Donations. made to the following institutions : 

Geological SunH'ij of the Duldi East Indies, Bandoeng, Java. A 
collection of voitebral-e and iriV<irtebrai-c lossils. (By 
exchange). 

Geological Survey, Nctv South \V(d'(‘S, iJcpaitment of Mines, 
Australia.— Some l^oimo-Ca-rbomferous fossils J rom th<^ 
Salt Range, Punjab. (By exchange;. 

Vaheontolugical Museum, Munich University \ Natural History, 
Geology and Palaeontological Department, Vienna University ; 
American Museum of Natural History, New York ; Peabody 
Museum of Ncetural History, Yale University, New Haven, 
Connecticut-, National Geological Survey of China, Peking.— 
Small collections of fossil corals from the Jurassic beds of 
Kachh, Western India. 

Osmunia University College, Hyderabad, Deccan.— N represent- 
ative collection of foasil vertebrates, inv( L^tebrates and plants. 
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University of Liverjpool^ Departmertt of Geology . — A small collec- 
tion of fossils consisting of vertebrates, invertebrates and 
plants. (By exchange). 

Judson College, Rangoon University, Rangoon.— Bomo fossil 
plants from tbe Gondwana formations. 

Geological Survey Department, Tanganyika, Dodoma, East 
Africa . — A representative collection of vertebrate, inverie- 
biate and plant fossils of India. 

Bengal Engineering College, Sibpur. — Ab(mt eighty fossils con- 
sisting of veitobrates, invci*tebrates and plants for educat- 
ional purposes. 

During the year donations of fossils or casts of fossils were 
received either by exchange or by presentation irom the following 
institutions or persons — 

University of Liverpool, Department of Geology . — A collection of 
Ordovician and Silurian graptolites of England. (By ex- 
change, through Prof. H. H. Itoed). 

Royal School of Mines, South Kensington, London.-- Some Palaeo- 
zoic and Mesozoic invertebrate' fossils of Europe. (By 
excdrnge, through Prof. Moiley Davies). 

Geological Survey of the Dutch East Indies, Bandoeng, Java . — A 
collection of vertebrate and invertebrate fossils. (By 
exchange). 

Geological Survey, New South Wales, DepaUment oj Mines, 

Australia . — A small collection of Permian fossils. (By ex- 
change, through Mr W. S. Duim). 

Mr. E. Goodwin, Superintendent, Northern India Salt Revenue 
Department.- - A number of Lower Siwahk fossils from Mal- 
gin, Kohat district, North-West Frontier Province, 

including a portion of the jaw of a rhinoceros 

STRATIGRAPHY. 

27. In the J’anch Mahals district and Kewa Kantha States, 

W. T, Blanford^ has described the metamorphosed sedimentaries 
east of Pavagad Hdl imdor the local name 

pane? beds^. ^ Champaner beds, leaving the question of 

their geological horizon open. Dr. A. M. Heron- 
in 1917 suggested that the nearest analogue of the Delhi system 
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is the Champaner series. Dr. Heron’s examination of the Champaner 
rocks this year has shown that this suggestion is untenable, as they 
have no particular resemblance to the rocks of the Delhi syst-(‘m, 
but are lithologically identical with the Aravallis of llajpuf.ana, 
with which they have in fact been proved by Dr. Heron and lus 
j)arty to be continuous. 

1 luive myself in the past given some attention to the nomen- 
clature of these ancient rock senes, and in the courses of my study 
oi the manganese-OLO deposits of Jnclia was led to conclude in 1901) 
that^ ‘ the senes that have roctuved the following names, arranged 
in order of piioiity, are rouglil) (a)nlem})oraneous ; Champainu* 
(1869), Aravalli (1877), (jhilpi Ghat (1885), Dharv^ai (1886), and 
poi-tions of the rnctamorphic and crystalline complex^ of the Nagpur 
and Ealaghat area, Central Eroviuces’. 

Conierning the use ol these terms 1 wrote as tollows [loc, cit.) 

‘ With logiiid to the (^uc'stioji as lo wliic-h kiui Jh to bo a(ioptt‘d in inoiortMioo 
\o the olhcKs, jt js obvious tliat acHoiduig to th< inks ot jujoiity the tonn ( 'hamptotcr 
should be used. Tins, is the name that has horn the least usial of all, 

whilst that aaJikIi has been oxlendod to the hugest nurubti of areas, has passed 
into nioht gt iicial use. and is known best to geologist-s and miners, is th(‘ term 
Dharvvi, the familiar it v of tlu nana' being laigtlv due lo the laid- that lh(‘ auiifer- 
oits veins oi IMyMne aie situated in tin* locks to wlneb tins name was originally 
given. Since, however, the sir ret conUmpoianeity oi tlicw in \ajioijs pans of 
India has nol and nevei can be jiioxid, partly beeause tlu'V aie situated in isolalr'il 
aieaa and paitfy Ix'cause it d(«*s not s* em ])robabk' that the sednutuilaiion in the 
ditUienl aieas (‘an liav( siaiti d and hnished at exactly tin sana* points ol g(‘()logieaI 
lime, it will jJiobablv alwa\s be ((uisideied pieft nJ le to ('niplo^ tiie io( al names 
with a general understanding as to lii< n rough ('(pn \ alcuu \VJu*n, iiowev*'), it is 
desirable to treat the rocks of lli(^ diileKust areas as a whole, it will be b(*tte*i to 
use the most familiar of the loi al nairws, namely Vkuncar, u\ pieferonee to that 
whieh has piioiity on its side, bill happems to be the Ica-t gruierally known of all 
iiamcdy Clia)Hprnif 

It is veiy satisfcictory lluii Dr. llciou has now bc<m able io jirove 
dciinitoly by continuou.s mn jipiiig the oipuvalciKH^ of two o[ these 
series, nanudy the AravaJlis and Iho (.‘hampaiiers, and in accordance 
with the reasomng of the jiaragrajrh quoted aliovi^, I agree with 
him that the toim CJumpanrr can now lie dis(;arded as a local term 
in favoui- oi Annalh throughout Rajjiutana and North Bombay. 

The deiinito proof of this equivalence is particularly important 
as enabling us to effect a measure of correlation between the old 

1 Mem. Geol. Surv., Ind., Vok XXXVII, p. 28S, (1909). 

*Now known as the Sausar series. See Bee. Qecl. Surv. Jnd., LLX, p. 78, (1926). 
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rocikB of Raj])iitana and ancient schistose formations elsewhere in 
India from whujh Kajputana and Noith Bombay are separato<i by 
the main tra(^t of the D(KX*an trap formation. The Champaner 
ro(jks of Gujarat and the Aravallis of Jhabiia both contain mangaiii- 
f crons ro(hs, which I have long regarded as probably contemporane- 
ous witli the gonditic rocks of the Central Provinces and (iangpur, 
forming a })art of what we now term the Sausar series ; and as the 
map]>]ng of ])r. Kiishnan in Gangpnr State has shown the 
position of th(^ Sausar series with respect to the Jron-oro series ol 
Smglibhum, we aie now w^ell on the way to being able to effect a 
satisfactory correlation of the Aiavalli rocks ol Rajputana and 
North Bombay with the rocks of Dharwiirian type in the C-entral 
Province,s and Cliota Nagpur, assuming that it is safe to utilise the 
manganiferous loc-ks as a stratigraphical datum line in the Archaeans 
having the same impoitanc() as chara(jteristic fossils higher in the 
stratignjphi(ud s(5(iuence. 

28. In the Annual Report for the year 1931', it was stated that 
Mr. T) N. Wadia was able to prove on the evidence of fossil 
trilobites that the thick series of slates occupy- 

mountains between th(^ 
Kisheiiganga and Middlemiss and Bion’s area 
in the Sind valley of North West Kashmir is of Cambrian or Cambro- 
Silurian ago. Tlie whole of Mr. Wadia ’s collections from this slate 
zone were sent to Dr. Cowjier Reed for his examination and descript- 
ion. The results of Dr. Reed’s study have been received and they 
point unTnisiaka])ly to a Middle and Upper Cambrian age for the 
fossils from the slate belt. Dr. Re«‘d has identified IG genera of 
tidoliites and seven of bracliiopods, the majority of the genera and 
almost all tlu^ sp(H*,ies Ix'ing new^ to India. Tlie most interesting result 
of Dr. Reed’s identification is that there is little resemblance to the 
faunas of (corresponding ag(i in the Spiti region of the Central Hima- 
laya, in the Salt Range, or with the little known Caml)rian faunas of 
Persia and the Dead S(va, but there are several noticeable links with 
the Cambrian ol French Indo-China. One of the most remarkable 
lAJCxuTences is that of the genus Tonhinella found previously only 
in Tonkin, 

The Cambrian system as developed in North-West Kashmir shows a 
very full development, aggregating 7,000 feet in total thickness of 
d('.posits. This is the first recorded occurrence of marine Cambrian 

1 Rec. Geol. Svrv. Ind,, LXVI, p. 122, (1932). 
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doposits on the south of the niain ciystallino axis of the ITimalaya. 
Fjoin the point of view of Himalayan stratiii;juphy, liowever, tln^ 
chief interest of ilie present area lies in the relation of the Piirana 
slate zone of the middle Himalayan ranges wiili the fossiliforous 
Cambrian. Clear evidence of a conformabh^ if not a graihial or 
transitional, passage of th<^ nnfossiliferons slates into bods bearing 
annelids and other indnbitabh^ organiit remains, and of those again 
into strata e.ontaming trdobitijs and brac,hio])ods of Mifl<lle Cainbnan 
affinities, has been obtained by Mr. Wadia in a number of seidions 
along the out(‘r margin of the marim^ Palaeo/oie* basin of Hundwara ^ 


FXONOMIC ENQUIRIES. 

Anliniony=orc. 

29. In a traverse across the Pmdya. range, Mr. Roiidhi saw some 
old workiiigH for stibnite just to the south of Mmuvtaung \illcige 
(20^ 59': 96^ 37') The mineial occurs dose 
States, yuriaijo, apparently in a nortli-south 

vein in a highly aigilhujeous limest/one which 
weathers into soft yellow (;lay in clusters of atutnilar, radiating 
cr}’‘stals. It w^as worked in a small w'ay many years ago.- 


Sin^hbhuin, 
and Ori^ba. 


Bihar 


Apatite. 

,‘U). (Continuing the survey of the copper belt south from Musha 
bani min<^, Hi. Huim visited the magnetite-upatite de]K>Mts at Ihidin, 
Bhaduii, Kanyaluka, Sunrgi, and Khejnrduri 
m Hhalbhimi, examiiUMl by nui some years ago 
when they w<n(j luniig worked by tlie (fn^at 
Jndiati Phosphate Company.'^ The mining o I these di^posits has since 
(,0Tnplet(3ly luiased. 

Hr. Dunn’s systematic survey has demonstrated the close relation 
of these deposits to outciops of tongues of soda-granite which 
ascended along the thrust zone in Suighbhum. With the sulphid(*s 
these apatite lenses show a zonal disposition : along th(i strike ol the 
thrust zon(3 apatite deposits are found close to or witliin granite, 


1 Op. ciLt pp. 122-123, 

^}{ec. Geol. /S'wiv. Ivd,, LX VII, p. 242, (1933). 
8 Op. Cl/., L, p. 14, (1919). 
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whilst sulphide deposits may be several miles from any known granite 
outcrops.^ 

The apatite and magnetite are now regarded by Dr. Dunn as 
having crystallised from definite melts and not, as previously thought 
by him, by reaction of solutions with the ‘ country ’ rook.^ The view 
adopted by me some years ago was that the magnetite-apatite-rocks 
might have been ex])ected to be igneous introductions analogous to 
the apatitic magnetite ore-bodies of Lapland, but that the facts woukl 
be better explained l)y ri'garding these rocks as du(» to piummatolytic 
introductions from the Singh bhum granite,’^ 

Asbestos. 

31. Dr. A. K. Dey reports the occuirence of asbestos apparently 
resulting from the alteration of basic and ultra-basic rocks of the 

Dabna suite at localities about half a mile 

and brisSl""’ Lipkooha (22° 25' : 8G° 30'), uorth- 

east and miles east of Mahespur (22° 23' : 
86° 30'), and 1^ miles west of Chirutanri (22° 24' : 86° 34'), in 

Dhalbhum, 

Barytes. 

32. Mr, Sondhi reports the occurrence of barytes in the soiith- 
easti^rn ridges of sluset 93 C/10 at two jdaces in the Thitteikyan 

})eds, one about 11 miles L. H. hi ol hill 5,098 le(‘t 
Shan Stales, another hall a mile south west of lull 5,028 

f(et. At each place the oute.io]) is liom 12 to 15 
feet long and from three to five te(^t wide. 

Bauxite. 

33. Dr. Sahiii report-s the occuirence of a smalt outcrop of a 
pisolitic residual rock on dolomites ot the bateau Limestone near 

the Palaung village of Pangiiim (23° 33' : 97° 
Bumli'''" ^0') Northeru Slian States. Tlio following 

is the average analysis of several specimens : — 

Per cent. 

33-19 

32-67 

15-81 


81O2 

AI2O, 

Fe,0, 


^ The loiigh zonal distribution of these and some other ore-de])osit8 in Ringlibbum 
was discussed by me in ‘Some Piolilemfl of Oie Genesis in the Archaean of India’, Prve. 
Ab. S(jc, Bevg,t (Ne'w Senes), XV, pp. clxxxviii-cici, (1919). 

• Rcc, Oeol, 8nrv, Ind,, LXIII, p. 28, (1980). 

» Op, cU., L, p. 16, (1919). 
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Whether tiis is to be regarded as a very siliceoim bauxite or a 
pisolitic aluminous clay depends on whether the silica is in the free 
or combined condition. 


Ncilore district, 
Madras Presidency. 


Beryl. 

M. Beryl is a mineral occuirences of which are always worth 
recording either from the economic or the sciontilic point of view\ 
J^conomioally the mineral may be ol use (*ithei 
as a gemstone oi as a sourc(i of beryllium 
for beryllium alloys. Sciiuitdieally beryl may 
be of use as an indicator oi the minimum age ol th(^ containing 
rook. ^ 

It is for the last reason that one may mention the occuinmci^, 
noticed by Dr. B. K. Ghosh, of small quantities of beryl, too greatly 
cleaved and fractured to be used as a giauslone, irom some new 
localities in the mica lielt of ISIellore, viz., Irom the l^allmiila, and the 
Virabhoga and Rustum mica mines. 


Sfiiy;hbhuiii, 
and Orissa. 


Building Materials. 

35. Ill the neighbourhood of Dhalbhumgarli stalion, Dhalblium, 
a pebble bod, which forms the base of a giciip of s<‘< lime,) its ro- 

gaided liy Dr. Dunn as oi ]at(‘ 'l’(a‘liary age 
Kihar page H3), has la^eu (‘,xtrjisjv(‘ly (juaiijcal 

for many years aiul used as lailway ballast. 
South of the same station massive wliite (jiiartz v<*ins in a belt of 
mica-schists an? being quarried for road metal. 

36. Dr. A. K. Dcy reports that the jiriia ijial source of Iimc^ in 
Dhallhmn is kanlcar which o<,curs on tlie surface' of tlui Iiou-iae 
series. Occasionally, how'ov(‘r, a kind of calcare'ous tuJa, usually 
containing a net-work of tubes, is lound in the creviciis of (juartzile 
or as an incrustation on it. The supply is limited. 

The deposits are locally known as ashurhaf^, meaning demons’ 
bone. The deposit near Basadera (22® 40' : 86® 30'), iecord<‘d l>y 
Ball*"*, has been nearly worked out. In course of his w^oik in Dhalbluiin 
Dr. A. K. Dcy found two other deposits ol such tufa in the 
quartzite cropping out in the 'tmlas to the north-west of Bakrakocha 


^ Lord Rayleigh. 

» Ball, Mem. Geol Svrv. Ind., XVllI, i). 49, (1881). 
* hoc, Cit., p. 88. 
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(22® 24' ; 86 ® 30') and If milos north-west of Khojurdari (22® 24': 
86 ® 33). The supply is very limited. 

37 . Mr. P. N. Mukerjce reports the occurrence of well-cleaved 
and fine-grained phyllites and slates, in abundance, in Jambughoda 

State, Panch Mahals district. These rocks, 

Jambughoda State, belong to the Aravalli (Champaner) series, 

Bombay Presidency. n i i j t I 1 1 i* . 

are very well developed between the old tort 

of Narukot and the village of Jaban ( 22 *^ 24' : 7:f 41' 30"), on the 

Shivrajpur- Jambughoda road, and might afford good roofing slates. 

38. Mr. P. N. Mukerjce also reports that the Iiifratrappean 
gritty sandstone, near Nathkua village ( 22 ° 26' : 73° 35' 15"), south- 
east of Pavagad Hill, contains innumerable, 

Mahals^ B^ombay **^”^*' quarries from which came building stone used 
in the old city of Champaner and the extensive 
fortifications of Pavagad Hill, 

39. The Tawng Peng ^aiiite is, so Hr. Sahni reports, locally 
used as a building stone for bridges and wells. Nearly all the 

bridges in the granite area are constructed 

Bimna**^”* States, blocks ; but no big quarries exist 

and the material used is, thorofore, weath- 
ered and not very suitable for the purpose. However, when 

suitably quarried the granite should make a good building stone. 


Chromite* 

40. Dr. P. K. Ghosh was deputed to report dining the season 
on the occurrence ol chromite in the Ratiiagiri district. According 
to him, the deposit ocems in the valley 

BorabarPresIdency!'*'’*’ *0 the N. N. E. of 

Kanakauli village (16® 16' : 73® 45'), in the 

Devgadh taluka of the Katnagiri district. 

The deposit occurs as a roughly E.-W. dyke or vein, about hall 
a mile in length, with a width varying from 30 to .--ix feet, and inter- 
secting the foliation of the older, pre^ Cambrian, gneisses and schists, 
it is probably also of pie-Cambrian age. 

The ore-body is associated with serjjentine which appears now 
and then at the centre of the mass. There has boon no separation 
of clean ore ; instead the chromite occurs mostly as disseminated 
grains in serpentine and chlorite. Assays yield 34 to 41*58 per cent. 
Cia O 3 , so that unless the quaUty improves with depth the ore will 
not, without concentraiion, bo of much value in normal times. 
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41. According to Dr. P. K. Ghoshs a bluLsh platitic clay, found 
one mile S. S. W. of Gogha (21° 4P : 72° 19') in Ivatliiawar, is used 

for making casts and moulds. It is exported 
PresWeifcy^*^' in large quantities Ao Bombay, but no n4iirns 

of its production are available. Tlic clay 
formation is a member of the Tertiaries exposed in the neighbour- 
hood of Gogha. 

42. According to Dr. P, K. Ghosh also, there is a China clay 
deposit in the now extinct Malatippa mica mine, half a nulo iioi-th 

of Kistama mica mine (14^ 27' : 79° 40'), 
MadVarPresidein^^ Nellore distiict, Madias rieshle-ncy. It r(q)res- 
cuts a highly kaoliuised p<;gniatite intinded 
into quartzite, and the surfacc-exjiosure moasur<^s about 20 fe* t by 
three f('ct. The deposit may be of local nuportaiUKt, but its 
narrow width, combined with the highly inclined natuie oi tlu) 
original pegmatite, would make its working rather dilhciilt. 


Copper*ore. 

43. On th(i eastern scarp of the Pindaya rang(i west o( Zawgyi 
village (20° 50' ; 90° 40'), Mr. Sondhi discovered a V(5in about iJiret' 

ieot thick, consisting mainly oi baiylos and 
calcite, but also containing siuall amounts u] 
malachite. 

44. During tlie season 1932-33, Dr. J. A. Dunn conipli‘,Ui(l ihe 
survey of the copper belt, Singhbhum. Continuing south liom 

Mushabani (Mosaboni) the old w^orkings one mile 
*^'*^*^*^ south, at Badia, W(‘re examined. Jt is 

obvious that the Badia and Mushabani deposits 
are associated wdth the same zone of mineralisation. The evidence ol 
veins north of Mushabani, that is, west of Laiikesra, und those 
at Badia, suggest that west of the present Musha})ani muuj 
lodes there is the possibility of a continuous minendisccl zoiu^ ad- 
jacent to the western edge of the soda-granite whicli Joiins the 
' coimtry ’ of the Mushabani lodes. This line well desei v (‘s piuspocting, 
even if only because it would bo so easily and cheaply iiu'cstigatcd. 

With commencement of development of ihe Dhobam lodes and 
the favourable nature of these other adjacent lodes, the prospects 
of a successful future for this mine are, according to Dr, Dimn, 
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brigpb.t— ptoviding of oouxse that <»pital and plant capacity ax« 
kept ■well within the known oie reserves. 

Bonth from Badia Ihe thmkt zone, ■which has in the section to 
the north been the determining factor in the localisation of payable 
lodes, gradually dies out and no copper lodes of any importance 
are found. In ■the granite to the north-west of Baharagora (Bhairagora) 
however, several lines of ancient copper workings show features 
sufficiently attractive to warrant future prospecting. 

Dr. Bunn has studied both the Bahha and Mushabani ores by re 
fleeted light. He has detected the presence of a nickel sulphide 
whose properties identify it ■with the recently found rare mineral 
violarite. The colour is, however, galena-white instead of the typical 
violet of normal -violarite ; bxit similar galena white specimens have 
been described in America. In the Singhbhxim ores violarite replaces 
pentlandite to a variable eitent, and is the most abundant nickel 
sulphide. Another nickel-bearing sulphide, identified as millerite, 
replaces and is intergrown -with pyrrhotite. 

The sequence of the sulphides in these ores is apparently pyrite, 
pyrrhotite and pentlandite, violarite and millerite, chalcopyrite. 
Minute amounts of other minerals not yet determined aro also 
present. 

Br. Bunn now conclude that although the apatite-magnetite- 
rocks and sulphides belong to a late phase of mineralisation by the 
granite tongues intruded along the thrust zone, they were deposited 
ftom separate solutions. The earliest was a simple apatite-magnetite 
melt which crystallised out at high temperatures ; the latest sul- 
phides wore deposited at much lower temperatures. 

46. Mr. Crookshank reports green malachite stains on the siuface 
of a breeciated quartzite cliff north of Mundanar (18° 49' : 81° 46'). 

A little copper-bearing pyrites is disseminated 
rmliweg.^***** Central tjjjoQgli this quartzite for a distance of about 
one mile. The occurrence is of no economic im- 
portance as the .amount of p^tes present is very small. 

A smalt boulder, richly impicgiiated with sulphides and malachite, 
was also picked -up on a jungle path miles south of Pakanar (18° 
63'' : 81° 44'), but the source from which it came could not be traced. 

•• ' 4 >- 

Bflgiiiearing imd AJlied Questions. 

. 46. At the msti^Hie of thb Goipomtaon of Bangoon, Messrs. £. L. 6. 
C^gg Imd Y. P. d^oiulhi i^Qitdi bn the geological aspects of the 
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Gyobyu and NyauAgldbin IiaJeed scheme^ whicih ia of tdie few 
The a Ob and at stip|>lying Bango(»x with water by 

Nyaunglebifl** ^ i gravity from the western slopes of the Pegu 

Rssgoen, Yomas. The two eatchment areas lie within 
the Hlaiug Yoma reserve forests on sheet 94 
C/3, sis: to eight miles from Taikkyi, a town about 42 miles frcmi 
Rangoon on the Prome railway line. 

Both the catchment areas lie completely enclosed within rooks 
of the Pegu series, but their geological structures differ. The 
Gyobyu catchment area of 13*1 square miles comprises the Gyobyu 
chaung and its tributaries of which the most important is the Mezali ; 
and with a dam of about 124 feet in height at the site selected, 
a yield of 18 million gallons per day is estimated. 

The rooks of the Pegu series in this area consist predominantly 
of shales intercalated with sandstones. In general the shales are 
well-bedded, micaceous and sandy and are interlaminated with 
thin layers of fine sand, but pure blue shales ate not unknown. 
The sandstones are mostly very fine-grained with very little cement- 
ing material, and most of the beds seem to be consolidated by press- 
ure alone. From a fossil bed in the Ngakyi (Nagyi) chaung, about 
a fiirlong and a half upstream from its confluence with the Mosali 
chaung, which consisted of many broken lamellibranchs, a Cardium, 
together with a number of fish teeth allied to Carcftarodon megahdon, 
Agassiz, and Carcharia (Prionodon) egertoni, Agassiz, were obtained. 
A partly rolled piece of fossil wood, about six inches long and three 
inches broad, was also collected. 

In the main Gyobyu valley and the larger of its tributaries, a 
highly ferruginous deposit of rolled pebbles and grains of soft shale 
and sandstone overlies the upturned edges of the Pegu rocks. The 
bod has an average thickness of about ten feet and is strongly cross- 
laminated. It is in turn overlain by silt terraces, the remains of 
three of which exist in the Gyobyu valley- The ferruginous bed 
as well as the terrace will be totally submerged when the dam is 
built and the water rises to the intended hei^t. 

The Gyobyu catchment area is synclinal in structure, the ideal 
structure from a water-holding standpoint when composed of an 
alternating series of permeable and impenneabk rocks, such as 
the shales and sandstones of this area. 

Books e:q>osed at the dam site range from fine-grained sandstones to 
shaly sandstones, depending on the proportion of their sand content. 
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They aice loonsolidated by ptessuxe and oontain only oky as a oemonl)* 
io^ mntorial. Eflutiiation tests on samples from them point to 
th«^ penneability being n^gible and as they have a resolved dip 
i^Hfitream into the catchment area the site was ocmsidered satis- 
feotory. 

,47. Th® Nyaunglebin catchment with its area of only 2'1 square 
miles and estimated yield of about 5 million gallons per day, lies 
impt^dlately south of the Qyobyu area, a narrow ridge separating 
^ two. It is intended to supplement the yield of the Gyobyu 
latce at some future date when the necessity arises. 

me physical conditions obtaining in this area and the character 
of the roc^ exposed in the stream beds are essentially the same as 
those found in the Gyobyu area, but the geological structure of the 
beds differs. The sandy sluile and fine-grained sandstones of the 
Pegu series in this area dip persistently to the west at from 10° 
to • 15°, but further west opb^de the catchment area and near the 
boundary with the Irrawadcuan series, the dips become very marked, 
although no change in direction takes place. Faulting is perhaps 
indicated. 

me proposed dam line of this area runs approximately W. S. W.- 
Bi N. E. across a gorge whose sides are decomposed into fine sandy 
soil on the highest elevations with fine-grained sandstones containing 
partings of shaly material below. In the stream-bed itself fresh 
sandy shales with thin sand layers are seen interbeddod with 
thick beds of fine-grained false-bedded sandstone dipping 
slightly south of west at from 16° to 20°. The rocks thus have a 
small resolved dip down-stream, but as their permeability is very 
lotr, Messrs. Oegg and Sondhi anticipate no danger, providing the 
foundation is anchored in fresh rock, me catchment area is also 
considered satisfactory owing to this same impermeability, althou^ 
it possesses none of the structural advantages of the Gyobyu 
area. 

Messrs. Clegg and Sondhj draw attention to the following points 
b«wi?iQg on the type, of dam for the proposed reservoirs: — 

(1) me low dishing strength of the rock at the dam sites. 

• (3) me fact that the foundations cannot be located on one 

hombgenons band of strata of a uniform crushing strength. 

(3^ me area is situated in an active earthquake zone. 

43. At the zequ«i|t of the Government of India, Dr. 0. S. Fox 
3^ dj^puted to emaiae! mte for a proposed 8t<»age dam for au 
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imgatioQ reseivair ia the Bhavam valley, near tbe oixofluence ol tihe 
Bhavani dam-dte, Bhavapi rivers (ir 28' : 7T 6') in 

CalffllMtore dlsMct, the Coimbatore district. Tvo possible sites for 
Madras Presidency. examined by Sir Thomas Holland 

(then Mr. Holland) as long ago as 1898, bat no action was taken 
on his report. The project has now, however, been revived and 
pits and trenches have been made to record the nature of the rock 
jimctions between the amphibolite and the gneiss at one ol these 
sites. Dr. Fox is of the opinion that the site is geologically satisfactory. 
He recommends, however, that systematic core drilling should bo 
undertaken on the river and alluvial section of the dam site to as- 
certain the nature and depth of the solid rock. He also advises 
a masonry dam instead of an embankment of earth-work. 

49. During the month of March, Mr. E. E. Gee visited the military 
encampment at Mir Ali (32° 59' : 70° 16' 45"), Waziristan, in order 
Military encampment, to investigate the cause of the dam^es in- 
North-West "^"Fronder ci“^cd by the brick buildings since their cons- 
Provlnce. traction during the past two to three years. 

Mr. Gee observes that the camp is located on a low ridge just 
north of the Miran Shah road, 24 miles west of Bannu. The 
strata include steeply dipping green clays capped by a loose, high- 
level pebble bed (Older Alluvium). Cracks have occurred in the 
ground and in a number of the buildings. He suggests that these 
are due to : — 

(а) Eelative weakness of structures — small foundations with 

brick and mud-mortar superstructures. 

(б) Looseness of underlying pebble beds, which are quite un- 

consolidated. 

(c) Percolating water, draining over the surface of the under- 

lying clays. 

(d) Earthquake shocks. 

He is of the opinion lhat the buildings are liable to be severely 
damaged should a serious earthquake occur. He suggests that all 
heavy mud roofs and chimneys should be removed and the various 
parts of the buildings braced together as much as possible. 

Garnet. 

60. Dr. P. E. Ghoeh notes that workable quantities of garnet m 
crystals measuring up to inches in dUmcter arc obtainable over 

n 2 
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m &>tf a sqoar^ mile in tlm lc31 half a mile of Eodbsa 

imrn mitriff. {14® 11' : 79® 430. Nellore disimct, 

lll«4m Madras. Besides being a constituent of ishe 

emmtrj'roek, garnet is found in a fairly con6entiated state in the 
surface detritus of tbe hill, so that the working of the deposit 
should be very simple. 

Qem Mining. 

61. In the General Eeport for 1927 an account is given of Dr. 
Oo^^ Brown’s report on the history of the ruby mining industry 
in the Mogok Stone Tract, Upper Burma. 

J^fok Wene Tract, This investigation revealed the necessity of a 

IkMtIllli fllS'tfiCtf OUflllfta e it "L * 

detaued geological survey of the gem-beanng 
tract before a satisfactory dceisioii could be taken on the policy 
to be followed in ihe regulati^'of this industry for the future. 

On the completion of now topographical maps on the scale of 

four inches to the mile prepared specially for the purpose, the detailed 
geologioal survey was commenoed ® in 1932-33 by Mr. E. L. 6. Clegg 
and Dr. Narayana Iyer and the results of their geological work is 
given under ‘ Geoli^cal Surveys ’ (see page 60). 

It is desirable, however, to publish hero the present position 

regarding the grant of gem licenses in the Mogok Stone Tract as 
summarised by Mr. CSegg. 

licenses to mine' for stones in the Mogok Stone Tract are of two 
kinds 

(1) Extiaoirdinary licenses, which are licenses to dig for and 

raise stones by any method. 

(2) Ordinary licenses, which are licenses to dig for and raise 

stones by native methods and do not authorise the use 
of any explosive substance or machinery except as 
provided by the n|les. Under the rules special licenses 
■ to use »lD.«chameal pumps (gravel pumps prohibited) and 
explosives may be. issu*^ to the holders of ordinary 
' heenses. ' ’ 

Originally the scde right to an extraordinary license was held by 
the Bmioa Euby Mines Company, whilst hereditary miners work- 

.*■ Ste).'' Gtek Sitf*: ppt. 61^66. (1SS8). 

|^,JL 1^ jEboeijtiiliMt ootomeiK^ detailed work in 18S1 cm th« esdstlng 

Poiesli Sumy itliaeis ttt* eon^pletioa of tke new sonrey. 
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ing under ordinary Ikenaea were reatriotod to suoli metliods of work' 
ing as they had xmd. in the past, tibtat is, to the ordinary haiidvOTked 
bamboo pump for the pumping of, and the balanced bamboo lever, 
such as is used in wells all over ihie east, for the bailing of, watm*, 
or for the raising of the ruby-bearing earth or bifon to the surface. 

Since the termination of the lease of the Burma Buby Mines 
Company in 1931, the Government of Burma have removed all 
restrictions with respect to applications for extramdinary licenses. 
The sanction of the Govemor-in-Council is, however, required before 
such a license can be granted. 

In the past, large-scale mining by the Burma Buby Mines Com- 
pany has proved a failure, whilst mining under ordinary methods 
by native miners is known to have been a success. Many areas in 
the stone tract are unsuitable for work by native methods owing to 
the inability of the miners to cope with water seepage- These 
areas can however be dealt with by the small capitalist by the use 
of mechanical means, and the first extraordinary license under the 
new rules was issued in 1933 over an area of 10^ acres in the Engyauk 
gorge immediately north-east of Mogok. The terms on which the 
license was issued are roughly as follows Bs. 20 per month per 
miner employed (as against Rs. 10 per month paid by the ordinary 
miner) with a minimum miners’ fee of Rs. 400 per month, plus an 
acreage fee of Bs. 5 per acre, or 10 per cent, of the sale receipts of 
the stones mined whichever is greater. Certain conditions are also 
included in the lease regarding returns and the payment of royalty 
on unsold atones on the termination of the lease. The license is 
issued for twelve mouths only in Ihe first instance with the option 
of renewal for further periods on such rates and conditions as may be 
prescribed by the Local Government. 

It will be interesting to see how the terms work out in actual 
practice and how far fairly small-scale mining by modem methods 
combined with personal and self-interested supervision can be made 
a paying proposition. 

Gold. 

62. Gold in Dhalbhum is found both in river alluvium and in 
certain quartz veins. Quartz veins in Singhbhum are of two 
varieties, a barren white massive quartz, and 
* **’**””'* Bihaf tnd smoky grey or ‘blue’ quartz, often shetured. 
The latter type is oocasioually auriferous. 
Such gold-bearing quartz veins are found in the Iron-die series only 
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in ti^j^ zo&e of t^ffs. iThoit disianbution suggests to Dr. DiM 
a JBtliidiidn tjritib the late basic hatnisive phase of the Dalma voloamc 
STtiti^ abd hot with the granitic rocka of the area, as was stiggeRted 
by ntyself some years ago. ^ 

bS. Dr. Sahni reports the ooeurtenoe of alluvial gold in several 
streams draiiiing the Chaung Magyi rooks, as, for example, in tire 
bed of the Nam Lawng, south of Urapum 
(23° 41' SO": 97° 65' 30*) and S. S. W. of 
Hkamtaw (23° 41' : 97° 63'). The main gold- 
bearing area lies to the east of sheet 93 E/13 and here the Burma 
Corporation and others have been carrying on intensive prospecting 
for some time. Fairly large-sized pellets of gold were brought to 
Dr. Sahni by the Shans for ^mination. It appears that the area 
was worked for gold in former times by the Chinese and traces of 
their, workings still exist, pertain localities which the Chinese 
overlooked or could not reach are still reported to be richly gold- 
bearing. 

Iron-ore. 


64. Dr. A. K. Dey found pebbles of ilmenite associated with as- 
bestos north-east of Mahespur (22° 23' : 86° 30') in Dhalbhum, 

the ‘ country ’ being altered epidiorite. Cer- 
Bihar and shales and quartzitic schists south of 

Shamadanga (22° 42' : 86° 32') are highly fer- 
ruginous and often grade to hematite-phyllites and hematite-quartz- 
sohists ; these in pkces form small deposits of hematite. Such 
deposits of iron-ore possess, however, no economic value in view of 
the vast quantities of iron-ores in the Kolhan. 

65. Mr. P. N. Mukerjee reports an occurrence of micaceous 
haematite in the Nimar sandstones, south of Qhxmt village (22° 32' : 

74° 5') in Kathiwara State, Central India. 

deposit also is only of academic in- 
terest. V 


56. Mr. P. N. Bose’s surveys in 1898-1900 showed that large 
deposits of hematitic iron-ore exist in Bostar State.® Mr. H. Crook- 
shank now reports the existence of large quan- 
State, Central cities of low grade lateritic iron-ore on the 
ridge one inile south of Guinjenar (18° 47' ; Sl° 
36'), and on tiie south side of the Kaingar valley south-west of 


, » procb 4 «. ««•» Brngei, ». S„ XF, p» oixsodt, 

^ » Qen^ Bep^ *» ia«8-«» and 1899^1900, pp. 88 tfnd 4l tespectmly. 
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Kotomsor (18** 52' : 81° 56'), aod minor dopoents in eoimobtioii nith 
moat of the patches of hematite-quBirtziteB. These ores axe ex* 
traoted on a small scale by the village iron*umkeis in many localities. 


Kyanite. 

57. Dr. A. K. Dey noticed kyanite debris strewn on the ground 
west of Singpuia (22° 22' : 86° 36') in Dhalbhum. The mineral 

is bluish white in colour and occurs in large 
interlocking blades associated with muscovite 
and some talcose mica that may be damourite. 

58. Dr. P. K. Ghosh records the occurrence of abundant kyanite 
in blades sometimes attaining a length of six inches, in garnet- 

staurolite-biotite schists injected by quarts veins, 
MaSpreSicy. in the hill half a mile west of Korissa Kunda 
(14° 11' : 79° 43'), Nellore district. It is found 
abundantly in the surface detritus. 


Lead'ore. 

59. In the course of his survey of part of the Khasi and Jaintia 
Hills, Assam, Mr. Bradshaw noticed the occurrence of galena in 

boulders of pegmatitio granite close to the 
♦•*•”*•* boundaiv between the granite and epidiorite 

’ ' south of Umwang (25° 41': 92° 12'). The 

bo^ilders in which galena was noticed were not m situ and Mr. Brad- 
shaw does not consider the occurrence to be of economic importance. 

60. About half a mile north-east of Khandia village (22° 19' 30' : 
73° 35' 30") in the Bhamria State, Panch Mahals, there is, according 

to Mr. P. N. Mukhorjee, a deposit of galena 
Ma^tardK^BoKy. “ irregular veins in mica-schiste. The miner- 
alised band extends for about a mile to the 
east, and is about five feet wide. The veins carrying the ore have a 
general E.-W. trend, approximately corresponding with the strike 
of the mica-schists. A sample of the galena assayed in the Geol- 
ogical Survey Laboratory gave 18*16 oz. of silver per long ton. 

The deposit requires careful investigation and may turn out a 
very useful occurrence. 

61. The belt of the lead-silver-ore of Mawson^, sheet 93 D/13, 
was found by Mr. Sondhi to continue to the north into sheet 93 C/16, 

'Bid. Ged. Bvfv. tnd., LXV, p. 6S, (1931). 
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at 4 k naiPabOT of places, espewally about 1^ 
Sciiiberfl Sbsn Stole*, ^ to the east of Tbitt^kkiMi (21 1 ? 2® 
2****“* finil on tie top of 1^6 well-defined ridge 

about two mfles E. S. E. of tie aaine village. In the latter area 
Shan pits are conoentrated along a fault line. 

Tbe area has been the scene of active prospectus in tecen 

times, but is now deserted. 


Mica. 

62. During the latter part of the field-season of 1932-63, Dr. P. K. 
Ghosh visited NoUore district at the request of the Government ol 
Madras to investigate the ‘ behaviour of mica 
Nettsre 4l»trtct, deposits . of Nellore at great depths, and the 

Madras PrnMency. relation: of the presence of hornblende- and 

biotite-Bohists to the occurrence of mica ’. He was accompamwl 
by Mr. C. Sriramalu, the Officiating Mica Inspector of NeUore, pract- 
ically throughout the whole period of his tom m the distnct. 

At the time his visit, only ei^t mines, m. Patheregmta, »h^, 
Nityakalysni, Radhakrishna, Inam, Newlands, Tellabody and the 
D, mines, were working. Besides the above-mentioned mca mines 
praoticaUy all the other mica mines of NeUore were 
being under water, the unworked mines offered very little fa y 
for observing the behaviour of mica in depth. 

The geological formations met with in the mining area are as 

follows . U 1 1 

Pegmatite (often carrying mica, and sometimes .beryl and 

eamarskite) and ijuartz veins. 

Schistose quartsite (1 original quartz veins). 

Highly sheared granite-gneiss. . • * 

AmphiboUte. and homblende-schists, sometimes passing mto epi- 

dote-schiste; , x r.x,\ „«,i 

pwtite-schist , (often carrying gai^t, kyamte, staurohte) 

talc- and chltuite-scMsts. 

The main mica belt of NeUore is sickle-shaped, tarring to 

south-east and to the N. N. ^ "Z 

miles to the S. S. % of Gudur (14 9 : ^9 62 ), tee 
uorthem point about nine milee to the N. N. E. of Sangam (14 ^ . 
W* 4^)« leyk -BlpiipeA central portion, , which runs rougn y 
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north «M»d south, and is widest in tl?e wuto, ^ e»tem poi^^ 
of the Raput toMba, carries most of the mica mines (mclndmg the 
most payinu ones) of the district. Th« “»<?» Wt hetwcen latitute 
14° 3' and the Kandleru rivet, is mathed hy schktosity trending 
between N. W.^. E., and N. N. W.-S. S. E., with hi^ south-west^ly 
or south-south-westerly dips. North of the Kandleru, sdustosity 
tends to be more nr less N,-fi., or even N. E.-S. W., and l^h easterly 
dips are frequent. Although the above is generally the case, the 
direction of strike and dip of individual bauds may vary from place 
to place. 

The pegmatites, which are the latest intrusions, conform in strike 
and dip to the schistosity of the ‘ country seldom show any signs 
of pressure metamorphism, and seem generally to have crystallised 
under quiescent conditions. The thickness of the pegmatites is 
variable, ranging from that of an insignificant vein to over 200 f^t ; 
but ten to 16 feet may be taken to be the average thickness of mica- 
yielding pegmatite. The length also is variable, from an average 
of 30 feet to over 1,200 feet. As Mr. G. H. Tipper recorded in his 
report on the mica mines in the Nellore district, the commonest 
form of these (pegmatites) is that of a lens, a series of connected 
lenses, lenses arranged en echelon, or long irregular masses ’. They 
ar« often associated with a well-developed boss of quartz— a product 
of differentiation of the pegmatite magma. 

The larger, workable pegmatites seem to have a distinct prefer- 
ence for the biotito-schist zones, into which the largest number of 
pegmatites are found intruded. It should be mentioned, however, 
that workable quantities of mica have also been found in pegmatites 
intruded along the junction of the biotite- and hornblende-schists 
(Patheregunta mine), in those intruded into hornblende-schwt 
(Parvati Parameswara mine), and very exceptionally in. pegmatite 
intruded into the schistose quartzite (Velaga Venkateawara mine). 
The probable explauation, accordi^ to Dr. P. K. Ghosh, of the 
selective distribution of the pegmatites (i.e., their bias for the biotite- 
Bchist zone) is that the biotite-schists are the rooks least com^tent 
to withstand the tonsional forces that came into play at the time of 
intrusion of the pegmatites. The incomptent biotite-schists and 
the more resistant hornblende-schists seem in this indirect way to 
have influenced the localisation of the pyrites, and incidentally 
of the deposition of mica, for according to Dr. Ghosh, the latter 
would have crystallised within the walls of Any * country ’ provided 
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pegmatitid liqiM was 6f tib» i^qxiisite composition and tlie othetr 
tficmdMdiis teinai&ed tlw same. 

mines beil^ skdlow (the deepest working mine, viz., the Shah 
mine, is only 290 feet), nothing definite is known about the behar* 
unit of the pegmatiteB and mica deposits in depth. The character 
of the pegmalites, as observed witi^ this small range of depth, 
seems to vary in the different mines, and sometimes even in the same 
mine. Thus at the Tellabodu mine, of the two pegmatites, the 
lower one ohanges its dip to the north from the original westerly 
direction, at a depth of 100 feet, and becomes thinner, and the mica 
becomes brittle; but the upper pegmatite continues in depth with 
its origmal direction of dip, and maintains the excellent character 
of its mica. In the Shah mine, the dip of the pegmatite changes 
from south-west to north-west at 200 feet, , but the character of the 
mica improves. In some cases, the pegnaatite is actually impov- 
erished in mica-content as it is followed in depth ; but the mines 
have never been carried deep enough to prove that richer deposits will 
not be found at a lower level. So far no instance is known where 
the pegmatite has actually pinched out, as in the Kodarma area, 
Bihar. At this stage of development of the mining properties in 
Nellore, it seems, according to Dr. Ghosh, premature to attempt 
to foretell the behaviour of the mica in depth ; but he records 
that with most of the mines that have followed scientific methods of 
development and working, financial success has resulted. 


Natural Gas. 

63. The occurrences of natural gas at Jagatia in Kathiawar 
and at Baroda, situated respectively to the west and east of the 
Gulf of Cambay w'ere investigated some years 
Kathiawar, Bombaj' ago hy the late Captain K. W. Palmer^, and 
PkmI^cv. , this wo^ was held to justify the view that 

the Tertiary rocks from which this gas was 
khOUte or presumed to be derived underlie large parts of the Gulf 
of Cambay and the affavium at the head of the Gulf. 

Sbtim 12 years ago natural gas (with saline water) was tapped, 
in a bore-hole at Gogha (21" ll': 72" IS') in Kathiawar, and Dr. 
P. K. GhOsh was asked last year to investigate this occurrence. 

\ Bm. ftiAt m, w- 
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The north-east coast of Kathiawaar, where Gogha is sitaated, 
is made up of Upper Tertiary strata composed of alternating cal- 
careous, sandy and clayey beds, the latter preponderating in depth. 
These sediments rest on a platform of the Deccan trap basalts, 
and increase in thickness as the shores of the Oulf of Cambay are 
approached, and ‘‘provide the reservoirs from which gas and water 
arc derived. According to Dr. Ghosh, there are three water-bearing 
sands above the gas sand, the lowest of the water-bearing sands being 
immediately above the gas sand. The gas bearing stratum is 35 
feet thick, and occurs at from 812 to 847 feet below the ground-level. 
Boring was* continued through the Tertiary strata to a depth of 
1,016 feet : for the first 813 feet the hole was lined with ei^t-inch 
casing; between 813 and 997 feet the diameter of the casing was 
reduced to six inches ; and the rest of the bore-hole remained 
unlined. The six-inch casing was broken at a depth of 762 feet from 
the surfece. Dr. Ghosh infers that the annular space between the 
eight-unfix and six-inch casings is not sealed, and that it is due to this 
defective construction that the gas and water flow simultaneously 
into the bore-hole from the surrounding strata. This also gives 
rise to the possibility of the gas sand being invaded by water, 
and the gas being driven into pockets of uneconomic dimensions— a 
state of affairs highly detrimental to the life and the future 
development of a potential gas reservoir. 

The gas has been issuing, presumably at a fairly high prefjsure, 
for the past twelve years. Even at the time of Dr. Ghosh’s visit, 
the gas when allowed to catch fire, burst into steady and vigorous 
flames about five feet high. It is an easily inflammable gas, and 
according to the report of the Industrial Chemist to the 
Bombay Government, the total hydrocarbons calculated as methane 
form 81*8 per cent, and the calculated B. T. Us. per cubic foot are 
870, the heat value being thus qxiito high. The helium content, 
according to Dr. Watson of the Indian Institute of Science, Bangalore, 
is ] part in 8,000 — too low a percentage for the gas to be of value 
for the extraction of helium. The ‘ closed ’ and open pressures 
of the gas could not be measured as it was issuing with water. How- 
ever, from consideration of the depth of the gas sand below the 
surface, and the recorded observations of the ‘ closed ’ gas pressure of 
the wells in the Tertiary strata at Baroda and Jagatia, probably 
forming parts of the same Tertiary basin of sedimentation os Gogha, 
Dr. Ghosh estimates the ' closed ’ pressure to bd' 220 lbs, to the square 
inch at the minimum. 
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: , .(Jare^ field obseryatioos prove that the etrata have been thrown 
info gentle E.-W. eynolines and anticlines— etructurea highly suit- 
able for the accumolatioD of gas. The gas-field supplying the Qpgha 
outppt has an estimated minimum extent of 12 square miles. The 
porosity of the gas sand is not known, but assuming it to be 20 per 
csent.. Dr. Qhosh estimates that the original gas content of the field 
Vfsa about 37,468 million cubic feet. The open-flow pressure of the 
gas not, being known, the rate of flow cannot be determined, 
nor can the life of the well be predicted with certainty. There 
is, however, no doubt that a considerable amount of a valuable 
material has been allowed to run to waste, and there can be no hesi- 
tation that farther escape of the gas should be prevented. 

The structure of the Tertiary belt of North-East Kathiawar, so far 
as it was possible for Dr. phosh to ascertain during the time at his 
disposal, seems to be favourable to the accumulation of gas. In 
order to explore the possibility of striking fresh occurrences of gas, 
and to have more precise data of the extent of the gas-field, the 
nature of the gas sand, and the undergroimd structure in general, 
further borings are necessary. Dr. Ghosb has selected six local- 
ities at which it is desirable to drill. 

Petroleum. 

64. Charge of the office of Eesident Geologist, Yenangyaung 
Oilfield, was held by Mr. C. T. Barber until the 13th March, 1933, 

Resident Qeologist, from the 19th 

Yenangyaung OMfleld, March, 1933, for the remainder of the year. 
®“™** During the year the Burma Oil-Fields (Amend- 

ment) Bill, 1933, was passed by the Burma Legislative Council. 
The Bill has two mam objects, first to ensure that control over drill- 
ing operations is exercised automatically as soon as drilbng begins 
in any part of the province, without the need which exists under 
the present Act, of notifying an oilfield, be- 
{ASSenOmMjfe. W&tden can exercise his power of 

control. The second is to provide that the 
oontrol to be exercised shall embody a** policy of conservation of gas 
as well as of oil, and of prevention of waste. In anticipation of 
the epaotment of the Bill the Resident Geologist collaborated jwith 
the Warden, Burma Oilfields, in the drafting of the rules which the 
Local Government will he empowered to make for regulating all 
matftura connected with or subsidiary to any operations for the winn- 
df oil or gw or both. 
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65. The Evident QeologiBt was consulted on technical matters 
arising out of an application for a revision of the orders ^ permitt* 
The appffcsfbit oH ing a general increase in the degree of vacuum as 
RiScrm*^ producing from certain hori- 

borders at Yeoangyaung, sons within the Reserves and their borders 
in the Yenangyaung oilfield. In the course 
of a lengthy order the Financial Commissioner, Burma, concluded, 
inter alia, that within the life of a well there may be a period during 
which the application of a pressure lower than atmospheric may 
result in an increase in the ultimate recovery from that well, but 
that the application of vacuum before or after this period may be 
harmful from the point of view of recovery. As a corollary he 
concluded that the simultaneous application of a uniformly reduced 
pressure to a large number of wells which, at any given moment, 
are at different stages of their productive lives is normally likely 
to reduce the ultimate recovery from a field. On the other hand 
he found, on the evidence before him, that, while all wells were not 
affected alike, the application of a vacuum in many cases resulted 
in an increased rate of production, this being not necessarily always 
synonymous with an increase in ultimate recovery. He concluded, 
however, that in the case of wells which arc nearing the close of their 
economic life, an increase in the rate of production results in an in- 
crease in the ultimate recovery from such wells since they might 
otherwise be plugged and abandoned. The Financial Commiss- 
ioner then examined the question whether there was any areal 
segregation of such wells and concluded that by choosing a line 
r unnin g parallel to the axis of the field, an effective segregation 
could be made inasmuch as the great majority of the wells west of 
the line were small producers, while the majority of the larger wells, 
to which, in his opinion, the application of an increased vacuum would 
be premature, were situated east of this line. He therefore direct- 
ed, subject to the provision that no pressure less than atmospheric 
should be maintained at the well head of any well producing from 
below the horizon of the 3,000-foot gas sand as defined in the 
Warden^s provisional order dated the 16th August, 1927, that on 
and after the 1st March 1934, a vacuum of inches of mercury 
might be applied at the well head of wells on sites intersected by 
or west of a line which he defined, and that on and after the 1st 
September, 1934 a vacuum of 10 inches of mercury might be applied 
at the well head of wells on sites intersected by or west of a line parallel 

A Vide Gid, Swv, Ind^ LXH, p. 88, (1820). 
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to, ood 200 foot to the west of the line already jaeotiOQed ; his 
olijoBt m defining a second line being to set up a barrier zone to 
x^noe any. unfair advantages that might accrue through the ap- 
plication of diHerential pressures amounting to 5 inches of mercury 
to wells drilled on adjacent sites. 

The proving of remunerative production in the lower sands in 
the north-eastern part of the Twingon Keserve resulted in the 
Mb ik eo deepening of many wells in this part of the field, 

ce n m, resultant drilling problems considerably 

increased the worjc of the Advisory Board as the casing policy and 
the inspection depths for each well were prescribed by a special order 
in each case. Among the miscellaneous questions on which the 
opinion of the Resident Geologist was given were questions relating 
to the storage of oil at pressures other than atmospheric, to Diesel 
fuel oils, and to leasing-. ' 


Salt. 

66. During the month of March, Mr. B. R. Gee visited Jatta 
(33“ 18' 30* : 71° 17' 30"), Kohat district, North-West Frontier 
_ I t I H Province in order to advise the authorities 

Kebit North- of the Northern India Salt Revenue Depart- 

Fronller Pro- ment regarding the extent and workability of 
the rock-salt deposits of the Jatta mine hill. 
The excavation of the Jatta mine was commenced in July 1925. 
In the middle portion of the Jatta ridge, massive grey and trans- 
parent salt, with dark bituminous bands and intercalations of 
red clay and soft friable sandstone was encountered, and three 
small chambers were excayated. Owing to the danger of roof- 
falls and possible instability of pillars as a result of the soft clay 
and sandstone bands, and also to the fact that pot-holes filled with 
debris were met with, the mine was closed in August, 1932. 

Mr. Gee suggests that a lai^e quantity of rock-salt probably 
^ntinues in and to' the we»t within the ridge, and should 

the authorities desire to continue the exploitation of the salt by 
Igadeigroond minhag, he is of the opinion that attempts should be 
niade at a much lower level in order that the workable area within 
tile ^atta anticline may be considerably increased and the danger 
from potAolea avmded He points out, however, the following 
faptors against mining the salt underground at the present time 

fnj Hutm 0OBi compared writii quarry-workmg. 
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(b) Danger of roof-falls on acootmt of plastic clay t)ands witMn 
the seams. 

(o) Presence of large quantities of |Ook-salt, accessible by quarry- 
ing, in the area jnst to the east of tiie mine. 

From the open quarries, the annual output of nearly four lakhs 
of maunds has been largely obtained. Mr. Gee is of the opinion 
that a reserve of salt is available for quarry development within this 
eastern portion of the Jatta ridge, sufficient to maintain the present 
output for a large number of years — ^probably at least half a century. 


Samarskite. 

67. Samarskite is recorded by Dr. P. K. Ghosh from tie disused 
Eondandarama mica mine, near Parlapalli village (14®21' . 79®4,5'), 
about seven miles to the N. N. E. of the Sankara mine, Nellore 
district, where samarskite was formerly obtained. The mineral, 
associated with haematite, occurs in a pocket about three feet wide 
and five feet deep, in the alluvium at the north-western edge of the 
mine. The pocket could not be traced in the horizontal direction 
to any appreciable extent and the quantity of the mineral is very 
small. The deposit is, therefore, of little economic importance. 


Soapstone. 

68. Dr. Dunn reports several further deposits of soapstone, 

which are worked by the local villagers, at 
* OrisM!** Bhelaipahari and two miles east of Kokara in 

Dhalbhum. 

Dr. Dey reports similar deposits near Mahespur (22° 23' ; 86° 
30') and Burudih (22° 22' : 86° 31'), Dongadaha (22° 21' : 86° 34'), 
north-west of Khejurdari (22° 24' : 86° 33'), and north of Digha 
(22° 39' : 86° 32'). All of these deposists were worked till recently, 
and the two last mentioned are still being exploited. 

A rock made up of soft apple- green flakes of talc resmubling 
books of mica occurs IJ miles west of Chirutanri (22° 24' : 86° 34') 
and on the hill-slopes east and north-east of Mahespur. 

69. Dr. P. K. Ghosh notes the occurrence of a deposit of talc, 
half a mile west of Birla Tippa (14° 12' : 79° 44'), Nellore district. 

It is of the massive variety, and is rather impure, 
lV)admt*reddency. tmt it is quarried for the manufacture of 
household utensils. ' 



48 


[Toil. liXVXit. 

ScNia. 

70, Dr. Dhoah recozda that dunog the dry months, the alluvinm 
along the banks el the Bokh and Khari rivers at Farantij in 
the Ahmedabad district yields incrustations 
**""*BMBtay!*^** sodium salts. In these eSBioresoence sodium 
carbonate preponderates and forms roughly 
from 43 to 69 per cent, of the material scraped from the surface. 
The other salts of sodium present are chiefly the chloride, with 
subordinate amounts of the sulphate and the bicarbonate. 

The local people treat a concentrated solution of the salts, 
scraped from the surface of the earth, with burnt kaiikar, for 
the production of caustic soda. 

The caustic soda solution is then mixed with the locally obtain- 
ed Mohuiea oil and the miktnre evaporated to dryness ; the dry 
product is rolled into balls «ut into cakes and sold as soap. 

The process of soap manufacture by the above process is very 
crude, but the Bombay Government have taken the matter in 
hand and are offering advice for the betterment -of this local industry, 
which is said to yield an annual income of over two lakhs of rupees. 


Water. 

71. At the request of the Superintending Engineer, Public 
Health Circle, Bihar and Orissa, Dr. J. A. Dunn was deputed to 

visit Banchi and give advice concerning sites 
***'*'^ ^ compounds of the District 

Jail and the Kanchi Sadr Hospital. 

72. During the course of field work in the Punjab Salt Range, 
Mr. B, R. Gee continued bis observations on the water-supply of 

the area. The tract covered by him during 
' past ’’field season included the north-western 
’ part of the Sbahpur district. It may be 

divwM into the following sub-areas ‘ 

(i) Alluvki . plains to the south of the range between Ohoha 
(32" 24' : 72" 1' 30') and Golewali (32" 29' r 71" 60' W). 
(ii) yiibgsHi on smrp slopes. 

(lii) on the iBalt Range plateau. 

(iv) The inll station iff Sakesar (S2>" 32' 30*: 71° 66'). 



Begaxdmg these t^cts Mi. comments as Idiiovsw 

(i) The plains at the foot of the scarp include the followiM; 

viUages--Choha <32^ 24' : 72^ 30'), Warcha (32° 25' : 

7r 68'), (JolewaH (32° 29': 71** 60' 30^) and Kukhla 
(32° 27' : 71° 67'). In the case of the three former 
villages, the water requirements are obtained eitl^er 
from artificial tanks or from springs flowing from t|ie 
rocks of the scarp some distance from the villages. At 
Rukhla (Warcha Mandi) is an efiicient scheme ; spring- 
water from the Productus Limestone outcrop about 
three miles up the Jarhanwala gorge being carried in a 
pipe-Jine dowp tp the vj^agp. Pther villages, situated 
at greater distances frpm the range, depend solely on 

arti^cial tanks and it is unlikely that wells, sunk in 

these areas, wonld yield supplies of sweet water. Tlie 
only remedy is the installation of pipelines from 
springs of the Salt Range spprp. 

(ii) Regarding the villages situated on the scarp slopes, tj^ese 

are usually aw4 hamlets, obtaining their water- 

sppply frpm tanks or Ipcal springs. 

(iii) The plateau tract of this north-^^estern portion of the 

Shabpnr district includes the following large villages— 
J^habakki (32° 37' : 72° 14'), Mardwa} (32° 36' 39' : 

72° Anga (32° 36' ; 72° 6' 30'), KotH (32° 36^ : 

72° 2' 30'), Naushahra (32° 34' : 72° 9'), Ifufri (32° 
32 ' 30' ; 72° 6' 30') and Uchhali (32° 33' : 72** 1'). 
These villages a?e situated either pn the alluvium qi 
these upland valleys or on the adjpjnjng Ifpinmulitic 
Limestones. Thejr supply of fresh water is obtained 
either from wells sunk in this alluvium qr from springs 
iepping from the base of the Hill Limeatonep pf the 
adjoining biu areas. 

The water-level of portions of these valleys — as evidenced by 
the existence of lalfes at K.habakki and near Naushahra— is very 
near the surface. The water of those lakes is slightly saHne and 
unflt for consumption. Wells sunk within a short distance of 
them, howev^, tap a good supply at a shallow depth. Nearer the 
edges of these valleys, at Naushahra and Anga, the water-level 
falb to nearly 100 feet below ground-level. Perennial springs 
pocur in the lulls south of the Neusbahre*Uobhali 40rea, at pointi 

n 
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half a mile north of SutaWri (32* 81' 80* : 72* 8'), a short distance Bouth 
of Knfri, Pattan (32* 32' ; 72* 4' 30*), and Knraddi (32* 32' : 72“ 
3' 30*), and also at Eotli. 

The small hill station of Sakesar depends for its supply of fresh 
yr&tec on several springs that flow from the Hill limestones of that 
area. Water is collected also in artiflcial tanks. After periods 
of excessive drought, the flow from the springs near the top of 
the ridge decreases very considerably and the problem of supply- 
ing the needs of the station becomes a serious one. 


Burma CIrck, 


Mogok Stone Tract. 


Geological Surveys. 

73. During the field season, 1932-33 the Burma Circle consist- 
ed of Mr. E. L. G. Clegg (in charge), Messrs. C. T. Barber and 

V. P. ^ndhi, and Drs. M. R. Sahni and 
L. A. F. Iyer. On ‘ Mr. C. T. Barber pro- 
ceeding on leave preparatory • to retirement on March 16th, 1933, 
Mr. E. J. Bradshaw replaced him as Resident Geologist, Yenang- 
yaung. 

74. The new four-inch to the mile maps of the Mogok Stone Tract 
having been completed, work was commenced by Mr. E. L. G. Clegg, 

Superintendent, and Dr. L. A. Narayana 
Iyer, Extra Assistant Superintendent, on the 
detailed geological survey of the area in continuation of the work 
8tarted*"by Dr. Co^in Brown and Mr. A. K. Banerji. The new 
sheets comprise an area bounded by the Kin Chaung on the west, 
by the Mdngmit State on the north, by the Konsan Taung-Kyini 
Taung ridge and its continuation northwards on the east side 
of the Pinpyit villages (22* 57' 30*: 96“ 33') on the east, and latitude 
22* 50' 45", t.e., about five miles due south of Mogok, on the south, 
the total area being approximately 170 square miles. The six 
maps into which the area is divided can for convenience be termed 
the De-0, Bemardmyo, Chaunggyi-Kyetnapa, Kabaing, Kyat- 
pyin, and Mogok sheets. Of these the Chaunggyi-Kyetnapa dieet 
has been completed, as also have the greater portions of the Ber- 
nar^yo, KaWog, Kyatpyin, and Mogok sheets. Although the 
mosi accessible parts of the uncompleted sheets have been geologi- 
cally surveyed, these parts are also geologically the most oesn- 
plex, and owing to the more open and accessible nature of the 
oountiy. the ones in which the most detail can be mapped. The 
information derived Irtpi these sheets will, it is anricipated, be 
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a great help in the more rapid mapping of thO topographically more 
difficult and densely forested parts that remain to be completed. 

In previous general reports^ the recognisable types of rocks 
of this area have been dealt with at some length, and with the 
exception of the oordierite-bearing rocks all these types were recog- 
nised in during the field season. In addition amongst the 
basic rocks a new type was found in the Bemardmyo area consist- 
ing mostly of aegirine and soapolite. 

It was found possible to recognise the following divisions of 
rocks : — 

11. Basic and ultrabasic intrusions. 

10. Homblende-aegirine-nepheline-rocks and aegirine-scapolite- 
rooks. 

9. Augite-granites. 

8- Syenites. 

7. Acid intrusive gneisses, biotite-gneisses, garnet-pyroxene- 
gneisses, aplites and pegmatites. 

6. Quartzites. 

6. Calc-gneiss series, comprising scapolite -gneisses, pyroxene- 
granulites and gneisses. 

4. Crystalline limestones and calciphyres. 

3. Biotite-garnet- and biotite-garnet-sillimanite-gneisses. 

2. Garnet-gneisses. 

1. Biotite-gneisses. 

For mapping purposes, however, it was found necessary to com- 
bine divisions 1, 2, 3 and 7 into a group of unclassified crystalline 
rocks, as they alternate so rapidly and are so inextricably mixed 
up and inconstant. Their outcrops cannot be followed owing to 
the thickness of the soil cap, and it is impossible to connect up a 
section noted on one stream with that on an adjacent one. In 
this group are also included occurrences of the other groups too 
small to show separately on the map. 

Of the calcareous suite of rooks composed of crystalline lime- 
stones, calciphyres and calc-silicate-rocks, an endeavour has been 
made to map crystalline limestones and calciphyres as one division 
and the calc-gneisses as another. Previously the calc-gneisses were 
shown in the group of unclassified crystallines and not with the 

1 jRec. Qedl. Swrv. In4,, LXV, Pt. 1, p. 80-86, and bXVI, Pt. 1, p. 92-96, 
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Witt which they pse geneiaoftlly zelMx>d 
ai)4, pc i^soiilly |DUj!):4 in olotse «ccQciation. WheEFC the calcecenns 
can be nia{>|>ed, this hP been done npd boundaries i^rt- 
e4: if other plfces whrare they grade intq c^'lciphyrea nnd lime- 
stones, they have teen ifdic^ted by unbounded dotted areas. 

The grpnps shown the wap ere therefore:— 

5. Basic and tdtrabasic intrusives. 

7. Homblende-aegirine-, nepheline- and homblende-scapolite- 
zooks. 

6. Angite- and hornblende-granites. 


4. (^nartzites, 

3. Calcareous gneisses. 

2. Crystalline limestones and calciphyxes. 

1. Unclassified crystallines.. 

The basic and vUrabatic rocks consist of two main types : — (1) 
the Bemardmyo peridotites, and (2) a series of augite-homblende- 
rocks, widely distributed but of small extent. 

The peridotites of the Bemardmyo area occur in three main 
exposures on a N. E.-S. W. strike. The most easterly 
exposmre lies in and to the east of Kyaukpon (Lisu) village 
(23° 1' : 96° 29'). It appears to be a thin sheet of rock dipping 
to the south-east parallel with the hill slope, and is intersected 
by a thin vein of steel-grey coarse hornblende-rock. The second 
e:r:poBure runs south-west from immediately south of Kyankpon 
({4su) outs ocross the 6,276-foot ridge into the Bemardmyo 
oatchin^ut area. This also is a sheet dipping in a south-east 
direction, distant about half a mile from the south-west end 
of this latter exposure is a third intmsion of peridotite, which cuts 
M[ya Taung (?3° 0' : 96° 28'), apd runs northwards towards Py- 
aungganfg village (23° O' 30": 96° 28'). In the stone diggings 
situated on this exposure a' north-easterly strike is visible, al- 
though in general the outcrop is seen only as a series of loose, 
wea^esr^ guldens. Other minor exposures occur in the Payaw 
ephaung Valley, and North of Eyankpon Taung (23** 1' : 96° 28' 
both areas lyit^ to the east of and distant about two nfiles 
Ir^ .l^emardmyo (23° 0' 30"; 96° 27')- The peridotite is a 
mi^ain- to ooame-grained holocrystalHne rock consisting essential- 
ly oi (divine witiii a subordinate quantity of pyroxene and occaslogi 
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ally a few gj^ains bf iirbii-ojbe. W et^d al<fli|J 

the cracks of the dlivine crystals lix scane Specilnfelis. 

traces of aiigite-hornblendS-rdcks can be Mcked tl|f ad smdU 
boiiiders in many of the Streams of the area. The bigger esq^MuTeS 
are found in situ: — (a) about one mile north of Ohdunggyi 
san) (22® 58' : 96® 30') on the Letha ^Taung (23® 0' ; 96® 30') foot- 
path where an augite-homblende -felspar-rock forming a sill Is 
intruded by pegmatites; (6) on the south side Of the pass oh the 
Mogok-Bernardmyo road, as a black medium-grained rock, bom*' 
posed of hornblende, augite and a little felspar, associated with 
limestone ; and (c) near Kyaukpyathat (22® 50' : 96® 23') Us a 
dark coarse-grained intrusive composed of hornblende, subord- 
inate augite, and felspar, with quartz and a Uttle catlcite. This 

last rock passes into the hornblende-nepheline suite of rocks. 

The ^n5ictide-a^mtie-nepAeKne-rc)cis and the AomfiJe^Ufo- 

or aeginne-scapoUte-rocks occur as small minor intrusions or bands 
usually associated with limestones, although one small expodUtC 
noted three miles north of Kyatpyin (22® 64' : 96® 25') forms a 
marginal fringe to a syenite intrusion. The nepheline suite of 
rocks has been formerly recorded from the Sinkwa road, but wbrlc 
to the west by south shows this suite to have a much greater 
extension.^ One specimen from the type locality on the Sirikwa 
road a quarter of a mile north-cast of the north end of Sinkwa 
village (22® 54' 30'' : 96® 23') is a medium- to coarse-grained rock 
consisting of a dark greenish brown hornblende with interstitial 
calcitc, nepheline, sphene, and iron-oce, whilst from an adjacent 

locality augite is also found in association with the hornblelide. 

The pyroxene-scapolite-rocks appear as a few small exposures 
in the Bernardmyo vicinity. They are medium- to ooatse-grained 
rocks mostly composed of deep green aegirine with large crystals 
of soapolite, a little felspar, calcite, apatite and iron-ore. 

The syenites occur as two main intrusions, one of which arotmd 
the village of Ongaing (22® 56' : 96® 30') has been previously men- 
tioned ; the other forms the big MU comprising the viUage of Ber- 
nardmyo and the high ground north of it, the southern boundary 
being the allUvium of the Pyaunggaung Chaung. Other smaller 
occurrences were seen in the Kyatpyin sheet near Thatdutehd 
(22® 66' : 96® 28'), Myeme (22® 66' ; 96® 2r)i Kyauklegi Tatiii| 

^ ThS Blakwa elpoi^ureB are ibl> eaStSrl^r auicropB of serieB of Sands oedSniiig 
south-west and north-east of Kyaukpyathatanauk, 
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(2Sr 56' : 96*' W)t and balf a mule uoztii N. H. £. of Bawlosjgd 
(22'* {^' : 96° 2i'). The Ongidog ocouneace is the most interest* 
ing ; its petrological characters have been previoudy described ^ 
a 4 also its laecolitic iniorusive natore. Bzposnres in the Letnyo 
Taong (22° 66' SO" : 96° 30' 80") (Mogok sheet) and Kyaukthinbaw 
Taimg (22° 67' ; 96° SO') (Chaun^yi-KyetDapa sheet) leave little 
doubt as to the intrusive relationship of the syenite towards the 
limestone. The Letnyo Taung limestone is a big chunk of lime- 
stone and calciphyre caught up and folded in with the syenite, 
the whole pitching E. 30° N. Syenite occurs on the eastern flank 
overlying and penetrating the limestone so as to form wedges of 
syenite in the Ihnestone and also occurs as the basement rock below 
the precipitous western face of the spur, A similar occurrence is 
seen on Kyaukthinbaw Taung where the scarp of the western face 
inclu(^s thin bands of limestone caught up by the syenite intru- 
sion. This main syenite bo^rrence extends north into the 
Chaunggyi valley catchment end north-westwards up the Ber- 
nardmyo toad to a height of 5,800 feet. It forms the lower south 
and south-eastern slopes of Taungme (22° 58' : 96° 28') ; and many 
further occurrences of limestone similar to those noted from Letnyo 
Taung, although not so clear, are found in it. The Bernardmyo 
mass is not so well exposed^ it, also, contams a number of minor 
exposures of limestone and calcareous gneiss. 

The avgUe- and horfMmde-granites appear to be a more acid 
phase of the syenitio magma. They are seen in the Kyatpyin 
sheet just north of Yebu (22° 55' 30' : 96° 29') and in the Ber- 
natdmyo sheet in the vicinity of Kyauksin (22° 67' : 96° 26'), 
whilst the pegmatite seen overlying the limestone at the Kyatpyin 
view point (22° 54' : 96° 24') also appears to belong to this cate- 
gory. 

Qmrtziteg are found only in the Enbaing sheet, although a 
small exposure of vein-quarts in the Kyatpyin sheet half a mile 
south-vest of Kyauksin has also been mapped. The quartzites 
of vthe Kabaing area are either of a repl^ement or sedimentary 
aatuxe. They occur in association with calcareous gneiss, one 
oioith uf Myainggyi Ghaung, and the second mostly on the soo^ 
^e of the Mog<dc-Thab^itkyin road between miles 45 and 47. 
The first band menttooed passes imperoeptably into calo-granulite 


* Bte. Ottk Sun. Ind^ UCV. fp. and 8S. (1881) ; and IXYl, pp. 94-86, (1938). 
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at its north-easterly end, whilst the southeiiy one shows highly 
jointed olifi exposures, is more coarse-^ined than the former, 
and includes cavities in which seridte and some magmetite are 
present. 

The Umeatones, ocMphyres and calcareous gneisses are practical- 
ly always found in association and grade from one into the other. 
There are, however, places in which only limestone is found and 
oth^ in which calcareous gneiss appears alone. At first sight 
they appear to be more or less discontinuous bands following a 
general E. 30° N. strike, thus conforming to the general strike of 
the ‘ country ’ rocks. But from a survey of the sheets mapped, it 
seems probable that these separate exposures represent once con- 
tinuous calcareous strata, the present separation of the exposures 
being due to the combined effects of intrusion by syenitic and 
granitic rocks, of folding, and of denudation. The manner in 
which the plutonic rocks have eaten into the base of the limestone 
is well illustrated in the Uyin Chaung valley, on the south-eastern 
slopes of Chinthe Taung (22° 56' 30" : 96° 26') and the north- 

eastern elopes of Pingu Taimg (22° 64' 30" : 96° 25') in the Kyat- 
pyin sheet, wliilst folds are seen in the limestones west of Pankwe 
(23° 1' : 96° 31') and Letha Taung in the Chaunggyi-Kyetnapa 
sheet and also in the Mogok valley north-cast of Myenigon. 
(22° 55' 30" : 96° 31'). An E. 30° N. pitch of the limostoues seems 
to point to a similar pitch for the whole area. This pitch is well 
seen at Myemgon and Onbin-Yedwet Taung (22° 56' 40" : 96° 32') 
in the Mogok sheet and probably beUer, west of Kyetnapa (23° 
2' : 96° 31') and at Pinpyit in the (Jhaunggyi-Kyetnapa sheet. 
At Pmpyit a heart-shaped mass of gramte with accompanying 
pegmatites projects through and is entirely surrounded by either 
limestone or calcareous gneiss, wMlst the scarp at the western 
end of this Pinpyit exposure appears to have been faulted by an 
intrusion. At the base, the limestone suite has been penetrated 
by temgues of plutonic rook, sometimes approaching Itt far ht 
injection, whilst breaking across the bedding has in some cases 
led to the isolation and totally inclusion of masses of the limestone 
series. 

In one place in the valley south of Mana (23° 1' : 96° 34') 
(Chaunggyi-Kyetnapa sheet) in the stream-cutting, the limestones 
are expoi^ as a series of bands in which the following afrernating 
sufioession was noted :•» 
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Calo-gneiss or oalciphyro. 

limestone. 

liHfitSdtoiiOS ^itoK out filftller to the east and give ptacO 
tjS ^itaftsiite^ neftil t%ituigiOti (23“ 2* i 96“ 36'). ^he petrological 
cku^terifltiod of l&e lim^Otled ‘ cdlcipliyres * and balc-gnekses will be 
fOtutd k the Cleneral ItepoirtS for 1930 and 193i.^ 

l^of. Adam’s * statement that the limestones and gneisses 
exposed continuously from Thabeitkyin (22° 63' : 96° 1') to Mogok 
(22° 86* : 96* 33*) Stxike north and south is not borne out in general 
in the M(^ok-1^aheitkyin s(b^. possibly !k?of. Adams made this 
general statemedt from two ot Jhree local exposures or by mistak- 
ing pitch for strike. North of feathe (22° 64' 30' : 96° 26'), for 
instance, a north-south strike of the limestone is visible for a short 
distance in the continuous exposure which runs north by east 
through Pyaunghyin (22° 55' 40' : 96° 26' 20*), due east through 
BaWpadan (22° 66' : 96° 2’i' 30'), and then south of east into the 
Yebu valley. Ihe easterly pitch of the Letnyo Taung limestone 
also give this false impression of a north-south strike. 

In the mciasaijkd cryatatline group of rocks are included all 
types of such small extent and rapid variation and so much obscur- 
ed by weathering and soil cap that it was impossible to map thnm 
se{»rately. Later when the whole area is completed, it will prob- 
ably be possible to show the big mass of the Kabaing granite and 
other umilar though smaller granitic intrusions separately on the 
map. Ik general these unclassified crystalline rocks appear to 
be the metamorphosed derivatives of argUlaoeous and arenaceous 
sediments which have been intruded along their planes of schist- 
osity by a series of granites, syenites and pegmatites. They 
oensist of biotite-gfttnites, garnet-gramdites or gneisses, gatnet- 
a fll ha utn ite-gn^seeB, and biotite-garnet-inllimanite-gueiBseB^ 

intruded aplites, pegmatiteB and granites. South of a line 
' i^huiung B. 30° N. through M<^ok, the former types appear to pfs* 
dominate, whihd north of this hne the intrusive rocks play a 
important part. 
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mentaiy nNdcB.’ Mt. Basfiiji rcKsbtdi^ tibat tho lidgtf^ 
of Mogok valley known as Nankaung Tanng, and Zala^ Taong 
south-west of Mogpk are formed of tbese rooks, tn ihe f!!^an^;yi- 
Kyetnapa sheet, south-east of the Chaunggjd valley^, garnet^ 
biotite-gneiss ahd garnet-gneiss are predominant On tbe norib 
side of the CSiaunggyi valley, intrudves are more in evidence, tbe 
tooks Varying fnnn acid to intermediate in oompoeition i^nd eoarse 
to medium in grain, but west and soutib-west of lietha Taui^ 
gamet-biotite-gneisses with intruded acid p^matites again predom- 
inate. Some of these garnet-gneisses, which also oontain pyrox- 
ene, may be analogous to leptynites or garnet-granulites. In 
the south-east comer of the Bemardmyo sheet the promihant mass 
of (taungme is a biotite-gneiss intrusion. Bui between this intru- 
sion and the Bernardmyo syenite intrusion, gamet-sillimaniie- 
gneisses occur in local patches.^ 

In the western part of the area the Eabaing granite gives a 
oharaOteristic topography ahd probably has a Wide extension to the 
north and north-east. This is a distintsi biotite-granite 6f a 
uniform character and appears to be the most recent of ihe acid 
intrusions. 

75. Dr. Sahni continued the survey of the Northern Shan States; 
completing the remaining portions of sheets 93 E/9 and 93 E/14 

n,, and, with the exception of a small area in 

its north-western comer which lies m Chmese 
territory, the whole of sheet 93 E/13. The present field season’s 
work practically completes sheet 98 E. 

The followii^ suocesuon of rooks is met with in the area suxteyed : — 

4. Alluvium Becent to Sub-reoent. 

3. Nam Yau series .... Middle Jurassie (Bathonian). 

2. Plateau Limestone .... Deyoniain to Pennian. 

1. ebaung itagyi series . . . Pce-Caiubrian. 

The Qhmng-Magyia iaim a belt of varying width striking N. E.- 
S. W. and oonstitute ihe oldest sedimentary rocks in the area. 
They cwosist of grey aaod porpto unfossUiferous sandstones, slates, 

* Siaee tUs went to Ptejs I htve visited tin Bsraa^myo tntet withUr. den and 1 
And that aom of tite ganeteillioianite-giieissei ate idblit»u Intb Eheiiaiuiie — IbL. F. 
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qwMRMiieB, and giejiaii vliite i^bi^tes aod geninally dip at lu^ 
anj^: tliey were ooru^erablj' folded and cnid^ before the 
ovorlyjag fomaatioas were deposited. They are pf Ctuiibijaa or 
Pte-Oambrian age, being usually regarded as the latter. 

The Ordotman and Silurian formations are absent and are 
probably overlapped by Plateau Limestone, since further south^ 
these formations have been met with underlying tire Plateau 
Limestones in the core of a dome-shaped fold. 

The dolomites of the Plateau Limestone also form a narrow belt 
of rock with a similar N. E.-S.W. strike. The beds generally dip 
at low angles indicative of gentle folding. The only funul found in 
them was a fusulinid allied to Sehwagerim. 

The equivalents of theJ^an^au seiiri constitute the most fossil- 
iferous formation in the ar^ and their age is therefore known with 
certainty. Dr. Sahni found a number of now fossiliforous localities, 
whidi yielded several lamellibranchs not previously found in the 
area. The list of fossils collected is given on page 21. 

The presence of Holcot&yris and Burtnirhynchia proves a Middle 
Jurassic (Bathonian) age for those beds. 

To die east the Jurassio rocks are brought against the Ghaung- 
Magyi series by a fault, while to the west they overlap on to the 
Plateau Limestone. 

In addition to the above stratigraphical succession, there exists 
an enormous mass of granite intrusive into the Chaung-Magyi 
series. It forms a part of the Tawng Peng granite and among 
l^e rook types associated with it are (1) coarse-grained biotite* 
granite, (2) quartz-felspar-porphyry, (3) Mricite-sehist, (4) muscovite- 
^»nite, (5) mica-schist, etc. 

76. Mr. V. ,P. Sondhi <«ontmued the geological survey of the 
Southern Shan' States on which he has now been engaged for three 
* . field seasons ; and in the period under report 

$olirt era an a «s. completed the survey of sheet 93 H/1 and 

liko greater part of sheet 93 C/16. A short desoripluon of the ^ocks 
ioum in shi^ 93 H/1 is included in the paper entiUed ‘ The Geo- 
logy of the oountiy between Kidaw and Taunggyj, Southern Shan 
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States’.^ In alieet 63 C/16 tiie following took formatiottB wwto 
mot with: — 

AllaTium Recent. 

High-kvel stream deposits . . Snb-Recent to Pleistocene. 

Upper Plateau limestone . . Permo-Carboniferoiis. 

Lower Plateau Limestone . . Devonian-Carboniferows. 

Graptolite beds Silurian. 

Orthoceras beds .... Do. 

Hkawnghpo beds and Thitteikkon mud 
stone Pindaya beds, Ordovician. 

Mawson series .... Ordovidan. 

The moat important perennial stream of the area is the 2jawgyi 
chaung, which rises at the foot of the Pindaya range about a n^e 
to the west of Zawgyi village (20® 59' : 96® 40') in a large spring 
with a copious ouillow. It enters sheet 93 C/16 at Mongang 
(21® 4' : 96® 43') and then follows a north-easterly course for about 
12 miles through a narrow valley before it emerges on to the Lawk- 
sawk plain. The deposits of the Lawksawk plain consist of soft 
sandy clay with occasional layers of pebbles. These deposits are 
being deeply eroded owing to die rejuvenation of the Zawgyi 
chaung and in places the stream has cut a channel to a depth of 16 feet. 

In the Hkawnghpo-Mongang plain, under a superficial layer of 
soft sandy alluvium, there exists a thick deposit of rolled boimders, 
clay and sand, washed down from the high ranges (as yet geological- 
ly unsurveyed) to the west, and ip the neighbourhood of Mon- 
gang the bed of the Zawgyi is littered with these boulders, which 
convey the erroneous impression of having been brought down by 
this stream. Similar boulders are of widespread occurrence in the 
area, and are occasionally found at elevations of from 100 to 160 
feet above the banks of the existing streams. Just to the north 
of Mongang they cover two broad hump-shaped hillocks, and indic- 
ate a period of torrential floods in sub-Becent or Pleistocene times. 

Plaiem Limestone occurs m a number of small exposures in the 
south-western quadrant of the sheet, in places resting like a cake 
on top of the steeply inclined phacoidal limestones of older Palaeo- 
zoic age. The main outlier of this rock formation runs along the 
western boundary of the Mawson-Lawksawk ridge, with, it L 
believed, a faulted junction. It starts at the southern end of the 
sheet in a narrow irregular band that broadens out to its maximum 
width of about three miles in the laMtude of M<ntgang. Gbcadually 
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disappears under tibe Lawksawk plain near the north imd bf liho 
sheet. It is oat obUfitel;)^ by the Zawgyi okmng. 

Fof i3ui graatet j>iuct the rock is dolomitiSed, The pure lime- 
stones oooht ih Ibbdl pdtohes usually iorming crags and knolls, and 
are at places iowililerous. All traces of original bedding has been 
destroyed, so that over long stretches no dips are seen, but when- 
ever present they are easterly. 

Oth^f butllers of the Flateau Limestone were mapped at Wan 
Fupas (21® 12' ; 96® 6l') extending due south as a narrow wedge 
between locks of Ordovician age ; and at Lawksawk, where they 
fbrin the low hill crested with the Sawbwa’s Haw (Palaoe)i and 
thb elevated rolling ground to the west of the town. Every- 
tidibre they possess the. usual monotonous character peculiar to 
this rook formation in otiibr parts of the Shan States. 

The chief geological interest of the area ooverecl by this sheet 
lies in the rocks of Lower FoAaeozoie age which form the Mawson- 
Lawksawk ridge and the elevated dissected ground north and east 
of Hkawnghpo (Gaungpho) ; (21® 9' : 96® 41'). In the southern 
acljoinii^ shbbt, 93 D/13, rocks of Lower Palasozpic age were split 
up into (1) Orthbceras beds, (2) Findaya beds and (3) Mawson series. 
In the soulhi the oatcrop of Orthocexas beds bordering the Mawson 
series on the West was found to terminate shortly after entering sheet 
93 tl/l6 where it gives place to Plateau Limestone. It crops out 
again however about two miles further north where some excellent 
sbetions of pink phacoidal limestoney are seen displaying a general 
anticlinal structure. 

The pale fissile mudstones of the elevated groimd north and 
ewt of ilkawnghpo are perhaps the local representatives of the 
Eindaya heds of the southern adjoining sheets but in view of 
certain lithological and faunal difierenoes it has been oomnderod 
better to give thpse the loo^ name of Bhawnghpo heds until Dr. 
h*. 1^. Gowper Beed has completed the examination of the fossil 
collections sent to him from this area. 

The Mmson series is represented in the area under report by 
A dark grey^ tahular, and hi^y jointed limestone generally idtp ur. 
iog a nharactmistac pattern of brownish blotches, risually irregttktr- 
jiy ^kqpMed, bnt stmietimes arranged roughly Ihies. The bIbWtt 
patches re^t dwndation much better than the enclosing limaatone 
iO Usat lltcy slich wvt in aaMfl iir^gul# isharp cidgm or kntik on 
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the ireatherod snitaca. An anal^w ai « mmpla of tihai^ dtnwad 
them to be moatly lu^iUaceoaB mattet -with aome tm ailtea. 

There are three distinet outcrops of these blotchy lim^tonos 
separated by deposits of mudstone and atgiUaeeous limestone- 
The principal ejcposure of the ar^Uacpous limestone forms the 
Thittiekkon (6,098 feet) range, but does not extend south to sheet 
93 D/13 ; the next exposure to the east pontimms to the south 
forming part of the highlands north-east of Mawson, whet® it 
was mapped as a member of the Mawson series. On a detailed 
examination of the southern portion qf the sheet 93 Q/16, it became 
necessary to separate the argdlaceous deposits of this Region ^OTfl 
the blotchy limestones and to map each pf them ae distinct units, 
as in addition to the difference in lithology must now be ad<lsd a 
faunai difference owing to the discovery of new assemblages ip the 
mudstones, which have np forms in common with the assemblages 
so fat obtained from the Mawson series. Moreover, structural 
evidence points to a younger age for the argillaceous beds. At 
one place in these be^, about a mile to the south-west of hill 
6,028 feet, a shale bed containing graptolites of Lower Silurian age 
was found in a narrow syncline. 


All the three outcrops of the blotchy limestones pinch out within 
four miles of the southern end of the sheet and the remainder pf 
the Mawson-Lawksawk range is built mostly of sUt-stopes and 
argillaceous limestones. Eepresentatiye fossil collections fpjm a 
nuipber of points over this area have been forwarded to Dr. Cowppr 
jRecd for description. 


77. During the field season 1932-33, the officers -working in 
the Northern Circle were Dr. A. M. Heron (in charge), Messrs. 

Provinces), Dr. P. K. Ghosh (Bombay and 
Central India), Messrs. B. C. Gupta (Bombay and Central India), 
H. M. Lahiii (Punjab), and P. N. Mukerjee (Bombay and Central India). 

78. Dr. A. M- Iferop was in charge of the NQ|thcni Circle from 
his reversion to the grade of Superintendent on the Ifjth November, 
1982, until hie departure on leave on the 86th March, 1933, being 
succeeded by Dr. C. S. Fox. He left Head(|uarters fpr camp on 
the 17th Deeeniher, 1932, and for the next twP months wps occupied 
in mpppiag the Yindhynns in the extreme eget of Mewur (Udaipur 
State), Eajputnna, the western lobe of ti^e main Yindhyan area, 
h'pf tbP next thipo weekp^ uptil the beginning of Mamh, Dr. Blemn 



wdifked in the neighboiuhood of Nathdwara in Mewar, revisu^ 
certain doubtful pidnts in field geology, and examining the Yindhyona 
iwar Iiakhetri in Bondi State, mapp^ by Dr. A. L. Ooukon. The 
laet pmrt of his camp-season was spent in inspecting the work of 
Messrs. B. C. Qapta and P. N. Mukerjee in the Fanch Mahals dis- 
trict and the Rewa Kantha Agency, Bombay. 

The Vindhyan area in Mewar had been mapped some fifty 
years ago by Messrs. C. A. Haoket and Eishen Singh and in Tonk, 
Gwalior and Indore by Mr. H. C. Jones in 1912-13 and 1913-14. 
but as Dr. Heron has found it necessary to make considerable 
modifications in the earlier mapping and as the area has never 
been described, he proposes to submit a paper on it for publication 
in the Records. 

The results of Dr. Heron’s visit of inspectious to North Bombay 
are .given under Petrology" fpage 17) and Stratigraphy (page 24), 

79. Daring the greater part of the field-season 1932-33, Mr. 
E. R. Gee continued the survey of the Punjab Salt Range. The 
D lai. covered by him during this period in- 

ange, no] . the remaining, north-western portion of 

the Shahput district and a part of the Mianwali district around 
Kalabagh (32° 67' 30" : 71° 33') represented within portions of sheets 
43 D/2, 43 D/3, 38 P/14, 38 P/16, 38 P/9 and 38 0/12. 

Mr. Gee observes that the stratigraphical sequence is similar 
to that of the area immediately to the east, though, as in other 
parts of the Salt Range, lateral variation is pronounced in certain 
of the sedimentary groups. Of these lateral changes, he notes in 
particular the following : — 

(а) The Purple Sandstones are absent in many sections to the 

south and south-west of Sakesar (32° 32' 30' : 71° 56') 
and in the extreme western portion of the Salt Range. 

(б) Although a large part of the Louer Palaeozoic sequence — 

so well represented, in the eastern half of the range— 
is noirimlly absent in these western areas, an important 
local development of these strata occurs on the west 
side of the Dhodha Wahan near its exit, to the south of 
Sakeear ridge. Here the Purple Sandstones are well- 
' developed and are succeeded by over 100 feet of grey 
and purplish shales and dolomitic sandstones apparently 
representing the Neobolos Shale and Magnesian Sand- 
steme aeries, whilst iabove the lattm^ is a thick sequence 
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of blood'Ced Salt Psetidomorph beds. Hieae Salta Paeado- 
motpb ahalaa and flaga, looallv 200 to 300 feet thick, 
contain cube-shaped pseudomorpha and are exactly 
aixoilar in lithology to their repreeentatives of the eastern 
part of the Salt Range. They include bands of impure 
gypsum at the base. 

(c) The Jurassic strata thicken rapidly to the south of Sakeaar 
and within the Mianwali district to the north-west. 
Sandstones and shales with numerous bolemnites make 
their appearance between these beds and the lower 
Eocene laterite horizon near Lalumi (32® 32' 80' : 71° 62') 
and again around Ealabagh. 

{d) Near Mianianwali (32° 31' : 71° 50') north of Golewali (32° 29' : 
71° 50' 30'), the basal Triassic limestones are directly 
overlain by a thick conglomerate including many Nutia- 
mulitic Limestone, some Triassic and some Productus 
Limestone pebbles in addition to a few of granite and 
quartzite. These beds are overlain by grey and green 
soft sandstones with orange-brown clays, very like higher 
Siwalik types. These relatively new beds are incor- 
porated in the folding and faulting of the area ; they 
indicate that considerable erosion of the Salt Range 
strata took place prior to the final earth-movements of 
late Tertiary and sub-Recent times. 

Regarding the tectonics of the areas under discussion, Mr. Gee 
observes that the strata in the scarp-slopes are often repeated by 
several well-marked overthruats. In the lower outcrops of the se- 
quence near the foot of the scarp. Purple Sandstones usually 
intervene between the Salt Marl and the Speckled Sandstones, but 
in the higher repeated outcrops they are often missing, the Speckled 
Sandstones resting directly on the Salt Marl. He points out that 
such thrusts sometimes pass laterally into overfolds or fold-faults. 
He notes that along the northern slopes of the Salt Range, the 
Nummulitic Limestone and Siwalik beds continue to form a sharp 
flexure linking the Salt Range with the Potwar plateau. 

Mr, Gee summarises the geology of these areas as follows ; 

(i) The scorp slopes between Choha and Ookwali. (Sheets 43 
D/3, 38 P/14 and 38 P/16.) 

The steep slopes that form the outermost portion of the Salt 
Range between Choha (32’ 24' : 72° 1' 30') and Qoiewali (32° 29' ; 
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71^* lift? 8ft*i iqoll}^ i»lll;f!jr<^ §i SftH MiffJ, Pwple Sandstone 
ai^ UpOf^d l^q^t^we «^w( regfiftted by overtJwting. At the 
tof Ol tlie slopes ^hese beds «re usually napped by tbe Froduetus 
Idpestcpes. ^s geuesal Stiike of tbe locbs nonfmos with tbe 
topogi^pliy> It being In a general westerly direction as far west 
as Warcba (32" 26' : 71® 68'), beyond wbiob it turns nort^fvestwards. 

Bigger up tbs slopes, tbe strata are thrown into a succession 
of aatiolin(M and synoHnes, often fold-faulted and following similar 
directions of strike. Across these upper slopes the Froduetus Lime- 
stones — ^particularly the Middle Froduetus beds — cpsp out over wide 
areas, whilst within certain of l^e synclinal and overthrust structures 
newer beds are involved, e.g.,. within the Darakki (32® 27' ; 72® 2' 30") 
and Nanga Miana (32® 29^ 45* : 72® 2' 30^) synclines to the north 
of Oboha, tbe Salgi Wahan thrust three miles northwest of Bukhla 
(33^ 27' : 71® ft7'), and the 'Overthrust sjmcUnal just south of Amb 
(32^ 80' 30* ; 71® 50'). ¥|itida these latter tracts, the Triassic, 
jforassic and Nummulitie beds ate exposed. In the Salgi Wahan, 
the Bununulitios are very thin and are overlain by Siwalik sand- 
stones* clays and ponglomerates, from the base of which a black tarry 
oil percolates at the surface. Above this Siwalik zone, here also 
very thin, the Froduetus Limestones are repeated by thrpsting. 

The Kiutjra range to the north of Amb consists of a complicated, 
fold-faulted synoline of the Froduetus Limestones followed by an 
equally sharp anticline to tbe north. 

In addition to these structures, running roughly parallel to the 
general trend of the Salt Bange, the area is complicated by anti- 
clinal folds and fold-faults aligned approximately at right angles. 
These structures usually ecocide with the deep gorges that intersect 
the area, so that up these gorges, the Salt Marl, Furple Sandstone 
and SpepMed Sandstone beds are exposed for considerable distances. 

Beneath the salt-bearing marl of the Choha an4 Bukhla (Warcha 
Mandi) gorges, and of the gorge just north-east of Fatehpux Maira 
(32® 26' 30* : ,7t^j 64'), thick grey and greenish shales with gypsum 
occur. These shales include the bands of )ow-grade oil shale pre- 
viously noted.^ The marl above contains thick seams of ropk-salt, 
some of which are well-exposed in the working of the Warcha mine. 

(ii) The Kh(A(^’VchhaU P}vtem. (Sheets 43 I>/2 and' 38 
F/14.) 

Ifw, Ifffr* JJPIf «•»**!». 414^ (lOSQ), 
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The Salt Bange plateau, including the large villages of Ehabakki 
(32“ 37' : 72® 14'), Naushahra (32® 34? : 72“ 9') and UobhaU (32® 32' : 
72® 1'), oonsistB of a broad alluvial syncline within which the two 
latter villages are situated. This main syncline is followed to the 
north by a narrow limestone anticline, then occurs a second syncline 
filled with alluvium—in which Khabakki lake and village are situated. 
Beyond this second syncline is the broad Hill Limestone anticline 
that forms the northern edge of the Salt Range. In plac^, on the 
crest of this anticline and down the dip slopes to the north, the 
Kamlials crop out and are succeeded in the lower ground of the 
Potwar plateau by the higher Siwalik horizons. 

Within the above-mentioned alluvial synclinals, in addition to 
the Recent alluvium, what are probably Pleistocene sandstones, 
clays and conglomerates occur, particularly around Bhukhi (32® 34' : 
72® 13') and Naushahra. These latter beds rest either on a remnant 
of the Kamlials or directly on the Hill Limestones. They often 
have a steep dip, being incorporated in the folding that has affected 
the older rocks of the area. 

In the numerous narrow ridges to the south of this alluvial 
area, the strata down to the Middle Productus Limestones have 
been thrown into alternating, sheared anticlines and synclines. 
These folds continue westwards into the hills to the north of the 
Eanjra range where they are cut out by the reversed faults that 
run down the right-hand slopes of the Dhodha Wahan. 

(iii) Sakesar ridge. (Sheet 38 P/14.) 

Along the south side of Sakesar ridge, the strata are again affected 
by complex fold-faults, and overthrusts. Above the main thrust, 
the sequence up to the Lower Siwaliks is well exposed. The top 
of the lidge is formed of overfolded Hill Limestones, from beneath 
which the Jurassic beds crop out as inliers in the northern slopes. 

(iv) The Kalabagh~Mari area. (Sheets 38 P/9 and 38 0/12.) 

This area, intersected by the Indus river, is traversed by a 
N.-S. zone of fold-faulting running up the Luni Wahan to the east 
of Ealabagh Hill and continuing to the south of the river near Mari 
(32® 67' 30' : 71® 36') village. To the east of this line of disturbance, 
Siwalik beds 'crop out in very considerable thickness. This eastern 
area is traversed by a fault running N.-B. near Ainwan (32® 66' : 
71° 37' 30*) ; aloi^ this line of faulting, snmU outcrops of the Salt 
Had aie met with. 
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1%e iia|uii~4*iud Wahan^fatilt is ako la&rked by two {kto- 

miaaot oatraops ol tbe Sait Biarl with look-salt. 

To tba west of this fault, the sequence is very compliimted. The 
Salt Mali, ocopping out in the scmthem end of l^labagh Hill and in 
Mad Hill aoroffis the rim, appears to form a sharp synoline running 
N. K. W.^^S. S. E. Overthrost on to the Salt Marl of Ealabagh 
hill ate relatively thin ^walik sandstones and clays, capped by 
oong^merates. The latter include pebbles of Nummulitio Lime* 

stone, Ttiaasic and Froductus Limestones. Up the slopes north 

of EsJabagh village, tbe Froductus Limestone beds crop out as a 
result of faulting. They are followed to tbe north by Triassio, 
Jorassie, Nummulitio and Siwalik beds. Aa a result of considerable 
fold-fanlting and shearing, die outcrops are complicated. 

60. During the field season of 1032-33, Mr. H. M. Lahiri, contiu- 
uiug - his previous season's , Work, mapped parts of sheets 53 A/2, 
A/6 and' A/6, which include portions of 

Kangra and Hoshiarpm districts. The 
geological formations met with are the same 
as those given for the adjoining country to the south in the General 
Beport for 1031 (page 56). The beds mapped by Mr. Labiri as 
Kasaulis in the previous season are now, in the light- of further know- 
ledge of the stratigraphy of the area, provisionally referred to the 
Nakgarh stage of the Lower Siwaliks. The overlying ridge-forming 
sandstones previously designated as the Nahans, have now been 
called the Sutlej stage in accordance with Dr. Pilgrim’s unpublished 
maps. 

The Sutlej stage, which on account of the hard and resistant 
nature of its constituent sandstones, is responsible for the more 
prominent ridges that traverse the area, such as tbe Sola Singhi 
and the Jawalamukhi ridges, passes quite gradually upwards into 
the grey sandstone and rWl clays of the overlying Middle Siwaliks 
and these latter into the Uj>per Siwalik sand-rock, conglomerates 
and, boulder bed& 

The Siwalik beds of the area are only sparingly fossiliferous. 
Th# lossils collected from the Middle Siwaliks include Dinotherium 
g^^andeitm and Htppanon iheobsddi. The only identifiable fossils 
from Upper Siwaliks are an isolated tooth of Elephas planifAm 
aud a tooth of Mqma. A Unio bed is reported by Mr. Lahiri to 
oMUix neat the bmmdary of the Middle and Upper Siwaliks about 
six furlongs to the noribi-west of Nandgram (31° 39' : 76° 14 ') in 
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sheet . 66 A/2. The spedxnenB of Unto obtained ate, however, too 
poorly preserved to allow of specifio ideatificatioQ. 

The geolo^al straoiare in the portions examined of sheets 
63 A/6 and A/6 and in the eastern half of 63 A/2 is essentially 
the same as that outlined in my General Report for 1631, 

for the adjoining country to the south and south-east. Tt 

becomes, however, somewhat less complicated northwards on account 
of some of the strike-faults mapped in the country to the south 
dying out in the area under report. The Budsur and Kesori faults, 
for instance, die out near Kalesar (31° 49' : 76° 16') and Sanoti 
(31° 38' : 76° 17') respectively. The fault mapped on the left- 
bank of the Kunah Ehad to the west of the Gumber fault appears 
to merge into the latter near Har (81° 47|' : 76° 23') in 63 A/6. A 
new fault which begins from near Satlitta (31° 36' : 76° 16') in 63 

A/6 extends north-westwards into 63 A/2 and separaxes the Tipper 

Siwalik sand-rocks of the left bank of the Scan river from the 
terrace-forming, almost horizontal sands and clays of the Scan 
valley. 

The flat anticline of Upper Siwalik beds constituting the Siwalik 
range in the western half of 53 A/2 is also broken by a strike-fault 
which, however, does not extend northwards beyond Theh (31° 35' : 
76° 4'). This fault runs along the north-eastern flank of the range 
not fat below its crest and follows a markedly zig-zag course. 

81. A small area which was left unmapped by Dr. Pilgrim in 
sheet 63 A/N.E. was also geologically surveyed by Mr. Lahiri during 

the season. This ground lies mostly in the 
Statesl^Pu^ab. ®****‘”"^ Mandi State but partly in the Bilaspur 
State and the EAngra district. The formations 
mapped are the Dagshais of the Sirmur series, the Nahans (Sutlej 
stage) and Upper Siwaliks of the Siwalik series and Older Alluvium. 
In the southern part of the area, the Dagshais are seen in faulted 
contact with Nahans on the west and these latter with Upper 
Siwalik conglomerates of the Sir Khad valley. Towards the north, 
much of the solid geology is concealed under a thick mantle of whet 
Mr. Lahiri has mapped as Older Alluvium. Prom the available 
field evidence, Mr. Lahiri thinks, however, that the two faults noticed 
in the southern part coalesce into one south-west of Bhamla Rest 
House (31° 36' : 76" 46'). 

82. From December, 1932, to May. 1933, Mr, Auflen continued 
his survey of the Himalayan Foothills, wor^g in Chakrata tahsil of 

r2 
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the Dehia Bun distriot and in Tehti Garhwal State on one inoh to 
Dehra Don district 

mdlVihriOartwai State, inoh to the mile sheet 63 J/N.W. Blaini, 
netted Provinces. Infra-Krol, Krol and Tal locks reappear in 

synotinal form near latitude 30° 30' and longitude 78° O', and 
occur continuously to the eastern edge of sheet 63 J/3. Upper 
Exol limestones make up the whole of the Mussoorie ridge 
from Bmiong Hill to the Landour bazar. Tal rocks crop out 
on Landour and along the Mussoorie-Tehii mule-track as far 

as mile 6. The characters exhibited by the stage in this 

succession are typical of those already described west of the Tons 
river and call for no more comment. 

Below the Blaini occurs the Javnsar series, which Mr. Auden 
has provisionally divided into three stages, in ascending order:**— 

the Mandhali, Chsndpur (30° 43' 77° 40') and Kagthat (30° 34' : 

77° ^') stages. The Mandhalis consist of a complex association 
of limestones, grits, slates, phyllites and a boulder bed. The top 
of this stage is taken as the Bansa limestone, which has been a very 
useful mapping horizon. Above this follows the Chandpur stage, 
which is characterised by highly banded quartzites and phyllites, 
with extensive tu& and occasional lava flows. Intrusions of doler* 
ite are abundant in this stage, and are probably roughly contem- 
poraneous with the tufls. Some of the phyllites are sub-schistose, 
though the rocks can never be called true schists. The Chandpur 
stage has been traced to Nag Tibba (30° 36' : 78° 9'). 

Mr. Auden considers that there is no indication of a thrust such 
as would be required to separate the Mandhali and Chandpur stages 
if the former is regarded as equivalent to the Blaini. 

The rocks of the Nagthat stage are typically made up of quartz- 
ites, sandstones, conglomerates and phyllites, of purple and green 
oolo^lr8, and closely resemble the Jaunsar rocks of the Simla region 
particularly in the presence of sheared purple conglomerates. 
Boulder beds occ^ high up in'* the succession, near the Blaini boulder 
bed and limestone. This stage has been traced from the Nagthat 
outliier as far east as Kaudia (30° 26« : 78° 22'). 

On the north side of the Jaunsar syncline, these rooks are con- 
ibitmable to the underlying Chandpur stage, but towards the south, 
in sheets 53 F/14 and 16, they appear to transgress this stage, 
1 ^, on Bhadraj HSU (30° 28' : 77° 67'), to come abnost into contact 
the ManidhaUs. Idx. H. B, Oldham mapped the group of 
reths liete oalled Ha||;;that as Mandhali, regardless of its position 
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lelative to the Ghandpiu stage and. of its bulk composition. Mr. 
Auden supposes that Oldham considered the almost identical grits 
and conglomerates of the two groups of rooks to be sufficient reason 
to accept their equivalence. Nevertheless, he points out that the 
Mandhali grits occur in a definite sequence, associated with lime* 
stones, and tmderlying the Chandpur stage, while the Nagthat 
stage is barren of limestones and lies above the Chandpur stage. 
Moreover, the thickness of arenaceous rocks in the Nagthat stage 
is far in excess of that in the Mandhalis. Mr. Auden believes that 
the simplest explanation is to suppose that there are two groups of 
rocks, both containing grits and conglomerates, and separated by 
the intervening Chandpur stage. He considers that towards the 
south there was elevation and erosion of the Chandpur rocks, followed 
by deposition of the Nagthat stage across on to the Mandhalis. The 
recurrence of similar rocks, throughout the geological coliunu of 
this area, remains a puzzle. Mr. Auden is disinclined, however, 
to accept repetition by recumbent folding as an explanation of 
such recurrence, since he beheves that the dissimilarities of the 
facies associations, regarded as a whole, more than outweigh in- 
dividual facies resemblances. The same objection applies to repetit- 
ion by thrusting. 

Mr. Auden is confident that the greater part of the rocks at 
Chakrata and Kailana may be correlated with the 8imla slates 
on account of the presence of concretions similar to those in the known 
Simla slates near Chhaosa (31® 0' : 77" 3'). With these concret- 
ionary beds are interbedded soft mottled purple sandstones which 
must also belong to the Simla slates. It is possible, however, 
that some of the associated soft sandstones may be Cagshai. At 
Habra (30° 40' ; 77° 49'), Nummuhtic limestones have been found 
together with green shales of Subathu type and shattered vitreous 
quartzites, and Tertiary sedimentation may have occurred in this 
region up into Dagshai times. 

These Simla slates with their sporadic Nummuhtic beds are 
separated from the Mandhahs by the southward-dipping T<ms 
thrust, which has been traced eastwards to Sindhol (30° 37' ; 7S° 06'), 

83. During the earlier part of the season. Dr. P. K. Ghosh corn- 
pleted the survey of the Palanpur State in North Bombay eom- 
Pafau^or State, Malti* menced in the previous field season, and also 
tonhia ^eocy, Md mapped the adjacent area in the Mahikantha 
Bombay. Agency states of Sudasna, Umbn, Bhmusana, 



fO Mecorda ^ Aie Oedt^ficd Bufoe^ of India. [ Vol. 

StttSasaa, Hadol aod Valasaa, «n alieets 46 A/9 and 13 and 46 
D/l!3 and 16 ; and in the Parautij ^-vision <d the Ahmedahad 
disttict on aheeta 46 A/ll and IS and 46 A/16 and 14. 

The lozmations met with were alluvium, the Jalor or Idar granite, 
the Erinpura granite, calo^achist (Delhi), and fine'-grained granite* 
gnmaa. The gnmite~gnei»s is found at the boundary of Danta State 
and the snoall states of Umbri and Bhalusana. It is a finely banded 
biottte*granite-gneiss, and agrees in character with some of the 
fine*grained varieties of Mr. N. L. Sharma’s ' granitoid end schistose 
gnotsses ’ described in cozmeotiou with the geology of the Danta 
State.^ According to Dr. Ghosh, this gneiss is definitely older 
than the Erinpura granite, as it is found as inclusions therein. 
Owing to the lack of exposures, its relationship to the calo*schiste, 
the oldest sedimentary rocks of this locality, is not known. Dr. 
Ghosh, however, provisionally regards this gneiss as pre-Delhi in 
view of the fact that nowhere in the whole of western Bajputana 
have the DeUus so far been found to be intruded by a granite older 
than the Erinpura granite. Similar pre-Delhi gneiss has been 
found by Dr. A. M. Heron in Jodhpur State, to the north-east. 

84. During the field season of 1932-33, Mr. B. C. Gupta, in 
continuation of the previous season’s survey, worked on the one-inch 
sheets 46 E/12 and 16, F/9 and 13, F/10 and 
Cenlnl India Ag^y I4» J/^ 8 and J/2 and 7, the area surveyed 

ud Rewa Kantba Stalei comprising portions of the Dohad and Go^ra 
taluks of the Panch Mahals district, portions 
of Jbabua and Alirajpur States of the Central India Agency, the 
Panam valley of Bariya State, Sanjeli State in its entirety and the 
major portion of Lunavada State, all in the Bewa Kantha States 
Agency. 

The oldest rooks consist mainly of slaty, phyllitic and micaceous 
schistose formations in the north, and a bioiiUc granitic gneiss in 
the south. The junction of the schistose and the gneissic forma- 
tions is not very well defined ; thus no gritty or conglomeratic 
forinatoon has been observed anywhere at the junction, which 
has been Closely followed for a length of nearly 50 miles. On the 
other hand, development of garnets has been frequently noticed 
in the phyllitic Aravalli schists along their contact with the gneiss. 
Thejtinctioiiis, therefore, thought to be one of eruptive unconformity. 

The mgillaceous foimatioiis of the northern portion of this 

. HI, pp. 22-^, (1931). 
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tract have a general northerly strike and are oontinaons with the 
AravaUi formations mapped farther north in Rajputana. 

The gneissic formation near its junction with the Aravalli schists 
generally shows an assemblage of highly foliated biotitic gneiss 
and more or less gneissose granite along with veins of aplite, peg- 
matite and quartz. Farther south, however, the complexity gradual- 
ly diminishes and the intrusive is a homogeneous, pink or grey, 
medium-grained granite. Discontinuous lenticles of dark amphib- 
olite of varying thickness are often found in close association 
with the gneissic complex near the junction. These show an un- 
blended contact with the highly foliated gneiss, but are frequently 
intruded and blended with later intrusives, mostly aplites, peg- 
matites and quartz veins. 

Subsequent to the formation of the Archaean schists and gneisses 
in the area under review, there has been a big hiatus in the chrono- 
logical order. For lying unconformably on these ancient meta- 
morphics are several barely preserved, patchy exposures of infra- 
trappean formations, the best development of which has been 
studied in the Jhabua-Alirajpur area. The outcrops generally form 
horizontal shelves protruding from below the Deccan trap lavas. 
The maximum thickness observed is nearly 25 feet ; the usual thick- 
ness, however, seldom exceeds 15 feet. 

The Infratrappean series is characterised by extreme hetero- 
geneity of composition and variability of thickness of its component 
beds. Instances of considerable lateral variation in the litho- 
logical characters of the beds are very coimnon, and it is extremely 
difficult to draw up an accurate section of the series. The generalised 
section may be given as follows : — 


6. Forcellouitio, cberty, chalcedonio bands, often much brcc- 


dated 

3 foet. 

4* Sisiliceous, thick-bedded limestone . 

10 ,, 

3. Concietionary and gritty limestone 

6 

2. Calcareous grit .... 

3 

1. Calcareous conglomerate 



Woll preserved fossil lamellibrauchs, gastropods and echinoids 
have been found in these Infratrappeans. These have been studied 
by Mr. P. N. Mukerjee, who worked in the Jhabua-Alirajpur area 
jointly with Mr. B. €. Gupta. The Infratrappeans of the area 
have been provisioually included in the l^gh beds. 

Overlying the Bagh formations and often resting directly on the 
metamorphic basement, are the lavas of the Deooan trap. The 
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xook is, as usual, basalt and is either massive ox finely oiystalline 
and almost non-vesioulax. 

No Tertiaiy formations have been seen in the area. The 
Aiohaeaos as wdl as the younger rocks have been irregularly over* 
lain by post'Tertia^ deposits of Becent and sub-Beoent soils, kaiikar, 
etc. 

85. Puxing the field season 1932-33, Mr. P. N. Mukerjee was 
attached to the Northern Circle and mapped portions of the Panch 
Mahals district and of the adjoining States of the Bewa Kantha and 
Central India Agencies. The ground surveyed is included in the 
one -inch sheets 46 J/2 and 6, 46 F/9 and 13, 46 F/10 and 14, and 46 
F/11 and 15, comprising portions of the Godhra, Kalol and Dohad 
taluks of the Panch Mahals district and portions of Bariya and Chota 
Udepur and Jambughoda . (Namkot) States in the Bewa Eantha 
Agency, and of Jhabua, Alirajpur, and Batamnal States in the 
Central India Agency. 

The geological formations of the area are the Aravallis with 
intrusive granites, often gneissic, the infratrappean Bagh beds, 
the Deccan trap, and Becent and Sub-Becent alluvium and 
soils. 

The Aravallis (Blanford’s Champaner beds — see page 24) consist 
of a series of slaty and phyllitic rocks and micaceous schists 
with intercalations of quartzites. Conglomeratic beds, though rare, 
have been npticed in Narukot or Jambughoda State. Tourmaline 
is found associated with quartz in veins in the phyllites and schists. 
Haematite-quartz-rock occurs interbanded with phyllites and schists 
in Jambughoda, Chota Udepur, and in the Halol taluk of the Panch 
Mahals. The quartzite beds strike E.-W. to S. E.-N. W. Near 
the northern frontier of the Jambughoda State, there is a thick 
band of limestone, containing tremolite, associated with phyllites 
and schists. This limestone is the western end of the bands mapped 
by Mr. G. V. Hobson in Chota Udepur State.^ 

The principal intrusive into the Aravallis is a bi(4ite-gramte 
often; gneissic, ranging in textiure, from medium to coarse-grained, 
and sometimes porphyritio. There must have been more than one 
intmsiqn as thexe axe instances where the gneissic biotite-granite 
has b^ intruded by normal granite. There is also a younger 
intrusive phase of p^^tites and aplites. The pegmatites some- 
traSM oontfua hodb of muscovite and touxmalme. The infrch 

> BdikXItA awn. Iwl, ZdZ, ft 24, <1SS6). 
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trappean BcfffA beds which are well seen in the Jhaboa-Alirajpur 
area consist of coarse, gritty, calcareons sandstones with oherty 
material resting onconformably upon the Aravallis and knmediatelj 
underlying the Deccan trap in the Jhabua-Alirajpur area. The 
nmYiTmint thickness observed is about 25 feet, but usually is not 
more than ten to 15 feet. 

These beds contain well-preserved marine fossils, lamellibranchs, 
gastropods, bryozoans and echinoids ; the following species de- 
scribed by Stoliczka from the Cretaceous of Southern India have 
been provisionally identified : — Protocardium pondieheriense, d’Orbigny, 
Cardium (Tradkyeardium) incomptum, Sowerby, Cytherea {CaUista) 
cf. sotdpturata, Stoliczka, Xurritdla {Zaria) muUistriata, Beuss, the 
first pair belonging to the Trichinopoly stage, and the second pair 
to the Ariyalur stage of the South Indian Cretaceous. 

It must be noted, however, that the accepted correlation of the 
Bagh beds is with the Utatur stage (Albian-Cenomanian) of Southern 
India. If, therefore, the above identification of the four species 
proves to be correct and is corroborated by further material collected 
during the next field season’s work, it would appear that the beds 
of Jhabua and Alirajpur mark a considerably higher horizon 
than the Bagh beds of the more easterly area. 

Overlying the Bagh beds and sometimes resting directly on the 
Aravallis, are the basaltic flows of the Deccan trap. Post-Tertiary 
(Kecent and Sub-Eccent) deposits of soils, alluvium and kanJsar 
irregularly overlie the Archaeans and the younger formations of 
the area. 

86. During the field season 1932-33 the officers working in the 
Southern Circle were Dr. C. S. Fox (in charge ; Assam), Mr. il. 

Crookshank (Central Provinces), 1^. E. J. 
Bradshaw (Assam), Dr. J. A. Dunn (Bihar 
and Orissa), Dr. M. S. Krishnan (Bihar and Orissa), Dr. P. K. Ghosh 
(Madras), Mr. D. Bhattacharji (Central Provinces), Dr. A. K. Dey 
(Bihar and Orissa), and Mr. A. M. N. Ghosh (Central Provinces). 
Mr. Bradshaw was transferred to the Bmma Circle in March. 
Dr. P. K. Ghosh joined from the Northern Circle in January. 

87. Since the systematic work in the Khasi Hills carried out 
by the late Captain E. W. Palmer in 1920-21, and by Mx. E. J. 

Bradshaw in 1924, the geological survey of 
Assam has been in abeyance as far as the Geo- 
logioal Surv^ of India is concerned, although large tracts occupied 


Southern Circle. 
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{tnnioipftlfy bjr the Tertiaiy fomations have been mapped by the 
<A Ibe Bnrmah Oil Ccnnpany in Caohar, the Kt^ Hills 
and the Indchimpur district. As a result of my visit to the Asetun 
oilfields in 1930, a summary of the stratigrapluoal results obtained 
by the Bmmah Oil Company’s gwlogists, with amplifications of 
the nomenclature originally introduced by F. B. Mallet, has now 
been published^ in an important paper by Mr. Percy Evans.* Tho 
Company prefers to treat the relevant maps as cmrfidential for the 
-present. In resuming the systematic geological survey of Assam 
by my Heparbnent, it has been decided first to complete the geology 
of the western parts of Assam, namely the Oaxo, Khasi and Jaintia 
Hills and their southern frizzes, and then to work eastwards to the 
country surveyed by the oil company’s geologists. 

88. This work has been entrusted to Dr. C. 8. Fox, and as the 
area in Assam still requiring survey is enormous, and progress must 
in many parts be slow on account of the dense jungle, it is hoped 
to transfer to this area additional geologists as they become avail- 
able on the completion of work elsewhere. During the season under 
review, Dr. Fox mapped portions of the Garo Hills and adjoining 
areas of the Goalpara district, whilst Mr. £. J. Bradshaw spent 
some throe months in the Khasi and Jaintia Hills mapping in continu- 
ation of his work of 19.3-14, until his transfer to the Burma 
Circle in March, 1933, 

Dr. Fox left for the field on the 19th November, 1932, and re- 
turned to headquarters on the 30th March, 1933. His mappiug 
Hill largely confined to the north-western area 

*' of the Garo Hills (sheets 78 G/N,E. and 78 
K^N.W., one inchsstwo miles) and a small area south of Tura (26° 31' : 
90° 16') on dieet 78 K/S.W. Dr. Fox included in his field work 
the elucidation of several reputed coal discoveries in the alluvial 
tracts bordering the Garo Hills in the Goalpara district. These 
supposed coal occurrences sire marked on some of the oM maps in 
the vicinity of fhulbaii (26° 54' : 90° S'), Kajabala (26° 46' : 
^° 69'), and several places between Singrimari (Halladaygunj ; 
26° 44' : 89° 66') and Makrikola (26° 39' : 89° 67'). A brief 
reference to these occurrences has been made in Dr. Fox’s memoir on 
the Lower Goodwana Coalfields of India.* 
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Dr, Fox has found the following rook formations in the areas 
examined bj him : — 

Recent alluvium of the Brahmaputra, Kalo, Galwang, etc. 

Detrital laterite of Goramaragixi, Jinjaran river. 

Older alluvium of Rangapani and hills to south. 

Miocene beds of Kherapara (and Dalu). 

Oligocene (marine) sandstones of Adugiri. 

Upper Eocene (marine) strata of Daraalgiri. 

Sandstones, pipe-clays and lignitic coal of Tura. 

Laterite and kaolinised rock of Cherangiri. 

Dolerite dykes of Singrimari and elsewhere. 

Barakar sandstones of Singrimari. 

Archaean gneisses of Tura and Ranira. 

The Archaean gneisses cover the greater portion of the north- 
western area of the Garo Hills and sink into the alluvium of the 
Brahmaputra valley to re-appear as inliers at various places, e.g., 
Goalpura (26° 10' ; 90° 38'), Dhubri (26° 2' : 90°), and other areas 
to the north within reach of the Himalayas. The highest point of 
the gneisses in the Garo Hills is Nokrek, 4,633 feet (25° 28' : 90° 20') 
on the Tura range. The exposure at Dhubri is at about 120 feet 
in the Brahmaputra bank below the observatory. 'The rocks consist 
of a complex of pinlj granites, which appear to be intrusive in an 
older series of banded gneisses, homblendic rocks and other foliated 
types. No trace, however, has so far been found of the corundum- 
bearing sillimanite-rocks last seen in the Ehasi Hills area about 
Nongmaweit (25° 40' : 91° 4') in Nongstoin State.^ 

In view of the presence of Gondwanas in the Darjeeling and Assam 
Himalayas to the north and in the Peninsula to the south-west, it has 
long been a matter for surprise that no Gondwana rocks have 
been found resting on these gneissic foundations in the Assam plateau. 
It is consequently a matter of considerable interest that Dr. Fox 
has foimd Vertdyraria indica in the carbonaceous shales, with 
lenticles of vitrainised coal, and is associated with the sandstones 
and grits of Singrimari. The exposure there has long been known 
to be a possible coal-bearing site, but the rocks were regarded as 
of the same age as those of Tura, and the so-called Cretaceous 
coalfields Of Daranggiri (25° 27' : 90° 46') in the Garo Hills and 
Mawbehlarkar (25° 24' : 91° 45') m the Ehasi ^jUs. On the evidence 

^ J* A» Dutuif Mem* Oedi* Sure* Ind,^ LUp Pt. pp* (1929). 
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of ^ pknt fossilB it is clear that the Singrimari sandstooss belong 
to the liower Gk>ndwsnas. Br. Fox has assigned these measures 
to the Bmihar series on the analysis of the coal which shows a 
proportion of volatile matter to i^ed carbon of 17 to iO. This 
ratio is most nearly satisfied by the Lower Baralmr coals of the 
Jharia field. Another factor of inter^t in this respect is the pre- 
sence of dykes of dolerite cutting the beds near Singrimari. The 
Singrimari measures dip gently westwards under the alluvium of 
the Jinjaran river. They contain no workable seam of coal, but 
they demonstrate quite clearly the extension of the Lower Gond- 
wanas into Assam, while the analysis of the coal suggests that a 
great thickness of these Gondwanas originally occurred in this 
locality. 

The dolerite dykes seen cutting through the Singrimari sand- 
stones are peteologically ' identical with the dolerites and basaltic 
lavas and dykes of the Eaimahal Hills and the Beccan trap. Similar 
dykes are found throughout the gneissic areas of the Garo Hills. 
They occur on Samding Hill near Phulbari and between Bibru 
Hill and Pabam (26° 65' : 90° 7') and other places— €.y., Bong- 
machokgiri (25° 48' ; 90° 4') — ^in the north-wegt ; again they are 
seen on the way up from Tura to the top of the moimtain behind 
Tura. Br. Fox had found similar dykes in 1931 at Songsak (26° 38' : 
90° 37') during his traverse from Bamra (25° 66' : 90° 47') to Bagh- 
mara (26° 12' : 90° 39'). The exposure at Singrimari has revealed 
the fact that these dolerites are newer than the Lower Gondwanas. 
It is also clear from exposures on the road north of Tura that these 
dolerites are older than the Tura sandstones, which, it is suggested 
below, are Lower Tertiary in age rather than Upper Cretaceous as 
previously supposed. The interval between the Lower Gondwanas 
and the Lower Tertiary is characterised by two sets of basic erupt- 
ions, the Bajmahal trap and the Beccan trap, and these Assam 
dolerites are presumably the equivalents of one of these. 

Lffterite and kaoUnised rock occur in the hills east of Bongma- 
ohohgiii and near Cherangiri. Along the motor road from Phulbari 
to Tura it becomes clear that the Tura sandstones overlie the 
.laterite» which in turn covers kaolinised gneisses and eveif the 
basalt and dolerite dykes. The great laterite-forming period in 
India is known to have begun early in Eocene times. This laterite 
hminon in well eetablisbed in western India, and in the north-west, 
at the base tSin JUci series. Br. Fox is thus inclined to the 
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view that the laterite horizon of the 6aro Hills represents a Ter- 
tiary land surface. If this lateritio zone he taken as Lower Eocene, 
it follows that the Tura sandstones, ' pipe-clays and lignitic coals 
are younger, and cannot therefore be Upper Cretaceous in age 
as hM hitherto been believed. 

The Tvra series, as Dr. Fox calls the sandstones with coal and 
carbonaceous shales and basal pipe-clay beds, is best studied near 
Tura. It was thought that these beds were undisturbed in this 
locality ; but they are evidently faulted against the gneisses of the 
mountain to the west of Tura. Also, on the Daln road about three 
miles south from Tura they are seen inverted, with the gneisses over 
them. Dr. Fox had previously found the same rocks with the coal 
seams of Siju in the Simsang valley, also inverted. Dr. Fox gives 
reasons for suggesting that these Tura sandstones may be of Eocene 
age. The Tura beds have previously been correlated on petro- 
logical and other, but not on fossil, evidence, with the Cretaceous 
rocks of tiie Cherrapunji-Theria Ghat area. The correlation is 
particularly with the Cherra sandstones, which were thought to be 
the uppermost of the three Cretaceous divisions originally recog- 
nised in the Khasi and Jaintia Hills.^ The descriptions of these 
beds show, however, that there is room for doubt about the group- 
ing of the topmost (Cherra sandstones) with the underlying Creta- 
ceous. The area has not been carefully examined since, but will 
be mapped by Dr. Fox in the next- season. It may be mentioned 
that Mr. P. Evans of the Burmah Oil Company has not been able to 
accept the lowest coals of the Mil^ HOls^ as older than 
Tertiary. 

The Upper Eocene marine beds with nummulites are the west- 
ward extension of the Sylhet limestones, but the massive limestones 
gradually get thinner and thinner, until they are hardly recognisable 
in the stream under the bridge about the 6th mile from Tura on the 
Dalu road. Their rusty representatives are last seen about Damal- 
giri (26® 32' : 90° 8') ten miles west of Tura. The beds consist of 
nummulitic limestones passing into sideritio clayey limestones, full 
of fossils, with interbedded grey and carbonaceous shales and sand- 
stones, often with leaf impressions, fossil wood or other plant re- 
mains. These beds appear to pass down quite conformably into 
the Tura series, and upwards into a series of rusty sandstones with 

iH. B, Iffedlicott, Mem. Gtd. Svfv. Ki., VII, pp. ICP, 17!, 181 and 183,(1871). 
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the casts asbd impsessions of mariac laiaelUbraach shells. The beds 
atesxly. eactead far westwards, but as they have become less fossi- 
lifmnis aad more argillaceous it is difficult to recognise them with 
certainty near Garobadba (26'’ 86' : 90° 1'). Eastwards they are easily 
traced across the Simsang and so to the Khasi Hills. They are 
found in the Upper Simsang behind the main Tura range on the 
coal measures (Tura series) of Daranggiri. All along the southern 
side of the Tura range close to the gneisses, it is quite clear that the 
starate have been bent and folded. Mr. P. N. Mukerjee has examined 
some of the fossils brought by Dr. Fox from near Marakapara (25° 26' : 
90° 16') and other places south of Tura and considers the assemblage 
of about the same as those of Lower to Middle Kirthar and faunist- 
icaliy related to the Yaw stage of Burma. 

The rusty sandstones oyerlying the nummulitic l)ed8 occur in 
the neighbourhood of Adugiri (26° 26' : 90° 13'). Some of the 
poorly preserved impressioiffi and casts of iamellibranchs from these 
beds have been studied by Mr. A. M. N. Ghosh, who considers 
that they represent forms which occur in the range from Yaw stage to 
Gfoj. The fauna is closely similar to that found in the Nongkulang 
Hill sandstones.^ These Adugiri marine beds are therefore possibly 
(Higoe&ie in age. The whole of these strata—Adtigiri and Nummuli- 
tic— *is cut sharply by a W. N. W. to W. by N. south-throwing fault 
near Amongpara (26° 21' : 90° 13') a mile north of Kherapara bunga- 
low on the Tnra-Dalu road. The beds to the south dip steeply 
southward and consist largely of soft sandstones, but no fossils have 
yet been found in them except plant impressfons. They appear 
to occupy a lower stratigraphical position than the beds containing 
marine fossils found near Balu, which are from fossil evidence 
r^arded as Lower to Middle Miocene in age (Buidigalian), so that 
the beds near Klierapara may be basal Miocene. Dr. Fox’s work 
did not bring him into the Dalu. area, so that the next higher form- 
ation mapped by him is t^e Older Alluvium — ^laterites, and soft 
red sandy beds with hard ferruginous masses — of Hangapani (25° 33' : 
89° 64'). These deposits cover a large ares south of Hangapani 
and even occupy the hills in that ’tract. Finally, bordering the 
nmth and north-west corner of the Qaro Hills are the Hecent allu- 
viai itocumnlations of the Brahmaputra, the Jinjaran, the Hinggi, 
Galwang and Ealo rivers. 

^ % Vndealnug, BW. Qtol, 8<mrv. Init, p. 838, OSSlh 
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Dr« Fox states that in many cases he has trav^sed areas preir^ 
iously examined by either Mr. T, D. La Touche in 1886-87 or 
by Mr. H, B. Medlicott several years before then, but this was 
necessary for connected work. His surveys have not progressed 
far enough for the making of any but general remarks, but it seems 
clear that the presence of the Tura beds with coal and overlying 
Nummulitio limestone in the Upper Simsang valley north of the 
axis of the Tura range points to block faulting. There is accumulat- 
ing evidence that the whole region is traversed by such faulting, 
with north of west and east of north as the two main directions. 
The old pre-Tura lateritised surface has a northerly dip and this 
may indicate a corresponding tilt of the blocks of gneiss. Outbers 
of the Tura beds (sandstones with lignitio coal) are found in several 
places north of the Bangira hills, and it is from these exposures 
that the rounded pieces of bright lustrous coal found in the aUuvium 
of the Kinggi, the Galwang and Kalo rivers, are derived. This 
means that the northern limit of the Tertiary (Eocene) deposits 
corresponds almost with the present northern edge of the Garo Hills. 
Dr. Fox regards the several outbers of the Tura series as remnants 
of fiuviatile beds of the Eocene epoch laid down on wide muddy 
flats on a shelving coast with the open sea to the south and south- 
east. The main point is that the Assam range was probably under 
water dming the deposition of the Tura beds. 

89. During a period of some three months from the beginning 
of December, 1932, until early in March, 1933, Mr. E. J. Bradshaw 
continued the geological survey of part of the 
Hllte!*** Jaintia Khasi and Jaintia Hills, Assam, which he had 
commenced in the latter part of the field 
season of 1923-24.^ He completed the survey of the southern half 
of sheet 83 C/N.W. on a scale of one inch to two miles. 

In the area surveyed the following rock systems and formations 
are exposed : — 

4. Shillong series. 

3. Granite. 

2. Epidiorite intrusions. 

1. Cretaceous. 

The rocks of the ShiHonff series are t 3 rpicaUy arenaceous and 
comparatively youthful in appearance when undisturbed : but in 

1 Oea, Svrv. Jnd., LVIII, p. 38, (1885^26). 
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th« nei^boixrbood of granite or epidioritio intrusions they ate 
ffietamorphosed into quartz-schists, nuca-sohists, and phyllites. The 
quartzites are often shattered, with obliteration ol the structure, 
and it then becomes extremely difficult to map the boundary between 
the granite and the quartzite. The resulting boundary is exceed- 
ingly intricate and contrasts sharply with the more usual type 
which flows for long distances in smooth curves with scarcely an 
indentation of the granite into the metamorphic series. 

Mr. Bradshaw does not consider that in the area mapped by 
him tiiere is sufficient justification for separating the intrusive 
granUe from the granite-gneiss, and considers them identical. The 
granite is definitely pre-Gretaceous and is younger than the rocks of 
tibe Shillong series, into which it is Intruded. Though there can be 
little doubt of the intrusive taatuie of the granite it is curious how 
seldom it is injected into the rocks of the Shillong series. Interfoliar 
iiqebiion was noticed in one' or two places, but on the whole there is 
remarkably Uttde direct evidence of energetic intrusion ; there is a 
very free development of mica close to the boundary, but this 
feature is not peculiar to its neighbourhood. 

There is a considerable development of epidiwitic rocks (Medli- 
cott’s Ehasia greenstone^) within the area surveyed by Mr. Brad- 
shaw, one outcrop covering some twenty-five square miles of country. 
As is the case with the granite, there is little difficulty in deciding 
that the epidioritic rocks are pre-Cietaceous and that they are 
intrusive into the rooks of the Shillong series. The relative age of 
the granite and the epidiorite is, however, still obscure. In addi- 
tion to coarse epidiorite, Mr. Bradshaw noted the occurrence of 
dolerite, which is definitely younger than the granite but is not 
necessarily contemporaneous with the epidiorite. 

Mr. Bradshaw does not regard the age of the outliers that have 
been classified by him, and by previous observers, as Cretaceous 
as having been definitely established. He points out that the rocks 
axe unfossiliferous and that the correlation is based on lithological 
and structural affinities between these and undoubtedly Cretaceous 
skata further to the south. The rocks are mainly horizontaUy- 
bedded sandstones with conglomeratic or felspathic basal beds, 
sometimes resting with marked unconformity upon the upturned 
edges of the rocks of the Shillong series, and at othra times including 
the weathered remains of the imdmlying granite. 

» Jfim. etol. Sw«. /f>^, VII, p. 201, (1809). 
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90. Tlie offieeis vorking in Bihsr and Oiiasa doring the field 

season 1932*33 were Dr. J. A. Dunn, Dr. M. S. 

Bll«r.«4 0ri«.. Krishnan, and Dr. A. K. Dey. 

91. Diimg the field season Dr, M. S. Kmlman continued his 
systematic map^ug of the Oangpur State and adjoining tracts of 

Oangpuf and Bijmra Orissa and Completed sheets 7S 

States ; Ranchi and B/S. E. and 73 B/S. W. In addition, he 
Singhbhutn districts. mapped a small area to the south of 

Manoharpur {22® 22' 30*^ : 86® 12') in the Singhhhum district, com- 
prised between latitudes 22® 17' and 22® 22' and longitudes 85® 20' 
in sheet 73 F/7, and between latitudes 22° 17' and 22® 21' and 
longitudes 86® 12' and 86® 15' in sheet 73 F/3 in order to com- 
plete the map of South Singhbhum. 

In sheet 73 B/S. W., an unmapped portion in the south-east 
corner, lying in the Bamra State, was finished. The part of Ranchi 
district falling in sheets 73 B/S. W. and 73 B/S. E. was also com- 
pleted. 

In the Bamra State the rocks are mainly mica-schists and 

micaceous quartz-schists with some lenses of amphibole-schist. All 
these are penetrated by veins of pegmatite and coarse granite. 
Some of the hornblende-gneisses found here seem to bo hybrids 
between the basic and acid rocks. 

In the Ranchi area, the western half consists essentially of 

granite and the eastern half of mica-schists. The line of separat- 
ion between the two trends W. S. W. from Tikra (22® 30' : 84° 
43'). The granitic area, which forms the southernmost portion of 

the Ranchi plateau, shows bands of unfoliated as well as of foliated 

gneiss. The latter is a composite gneiss derived from the intimate 
penetration and partial assimilation of the schists by the granitic 
magma. The eastern portion consists of mica-schists with a number 
of bands of epidiorite and amphibolite. AH of these have an 
E. N. K.-W. 8* W. strike of foliation with the dip to the S. 8. E. 
When followed in a W. S. W^. direction, the whole series is found 
to thin down oonsidierably, because of the high compression to 
which it has been subjected. 

In the report for the previous season^ the name Gangpur 
series was suggested for the succession found in the anticlinorium. 
The anticlinorium is in fact a highly compressed, elongated dome- 
shaped structure. The southern boundary of the series w^ taken 

A See. 0eo<. Swrt. Jn4,» IXVU, p. 64, (1633). 
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as th$ am. ol Bhested sofiglomerate and quaits-aohist; passing' 
Bag^nnaiitipali ( 22 ° H' : Si** 48') and traceable as far 
vrost as dznasranga (22° 1' : 84° 11') and as far east as Jaraikela 
( 22 ° 19': 86 ° 6 ') and Kolpotka ( 22 ° 21 ' 80' ; 86 ° 6 ' 80'). Tbe 
northetn limit is less distinct, but can be fixed along the zone 
extending frwn Sadhumnnda (22° 22' : 84° 27') through Amlro (22° 
26' : 84° 37'). Bansjor (22° 26' t 84° 43') and Potob ( 22 ° 26' : 84° 
63^. Along this zone there are some thin impersistent beds of 
quartzite, which may possibly represent the same zone as the 
sheared conglomerate on the south. On the west and north-east 
the conglomerate end quartzite zone becomes unrecognisable, but 
the behaviour of the older beds, such as the marbles and the 
carbonaceous phyllites, leaves little room for doubt that the 
Oangpur series forms a closed dome, except at the south-western 
epd, where only the upper zhembers continue on to Ghoriajor and 
heyohd. The series to its .north in Banchi district is considered to 
form the upper part of the liou-ore series, being made up of mica- 
schists and epidioiites. 

In the Singhbhum area, the south-east corner which forms 
a spar of Budha Buru consists of banded haematite-jasper. The 
rest of the area chows phyllites and mica-schists with intercalat- 
ions of basic lava flows. This is in direct westward continnation 
of the area mapped by Dr. L. A. N. Iyer in 1926-27, an account 
of which is given in the General Report for 1927 (page 99). The 
phyllites are of a higher grade of metamorphism than those found 
further east. The basic flows are now epidiorites consisting of 
actinolitic amphibole, zoisite, basic pkgioolase, quartz and sphene. 
A few lenses of carbonaceous phyllites are also found in this 
region. 

92. Dis. J. A. Dunn «ad A. £. Dey continued their survey of 
Dhalbhum, the eastern subdivision of Singhbhum, from where they 
...... ..... i®ft off ™ The geological examinatiou 

ng aai » c . cbpper belt was completed and it now 

remains to suivey neighbouring portions of Mayurbhanj State, 
and Miduapore to complete the maps for publication, 
rocks in Dhalbhum may be divided stratigraphioally as 

8.1 Alludiuim 

. 7. 

8 . ^ts ati|d gijftvds (? Iiate Tortaaty). 
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5. Newer Dolerites, oitea tunlitlsed. 

4. Gnmite, granopliTre. 

3. Dioiite. 

2. Ultrabaeio igoeous rooks, gabbro (late iatrasive phase of the 

Dahoa suite). 

1. The Iiou-ore series, with Dahaa volcanio flows at the top. 

This general succession is similar to that already established 
in western Singhbhum. The diorite is an early basic phase of 
the granite not previously foimd in other parts of Singhbhum. It 
is usually rather fine-grained and grades to a hornblende-grano- 
diorite and granite. The granophyre also grades to biotite-granite, 
and there is a possibility that two distinct periods of granite intru* 
sion are represented in Dhalbhum. 

The grits and gravels, described as Older Alluvivm on the old 
maps, represent the western edge of the coastal deposits. They 
have taken part in certain differential movements subsequent to 
deposition. Ihe amount by which the granite and schists plains 
have been denuded, since uplift, by the rivers which are flowing 
practically at base level, has suggested to Dr. Dunn a late Tert- 
iary age for these deposits. In the absence of fossil evidence, 
however, this suggestion can be regarded only as a hypothesis, and 
this typo of argument applied to other parts of India might result 
in extensive tracts of Older Alluvium, known from their fossil con- 
tents to be Pleistocene, being treated as of Tertiary age. 

In Dhalbhum the successive stages of the Iron-ore series may 
bo grouped as follows : — 

4. Dalma flows. 

3. Quartzite, which in the north and west is only a minor 

phase interbedded with phyllite and noica-schist, but 
becomes the dominant type to the south-east. 

2. Chloritic phyllite and mica-schist, often ferruginous, with 

tuffs and interbedded flows, occasional sheared conglom- 
erate and arkose ; banded quartzite and chert especially 
near the base. 

1. Mica-schist and phyllite with intercalated quartz-schist and 
quaztz-granulite. 

Only the middle to upper part of the Dron-ore series orPps out 
in Dh^bhum, the basal conglomerate and lower shales of western 
fitmgkb huia not b^itg repiosented. Oombining the asones foond in 

a 2 
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sotttiL and aottSi Sts^blKua wad in Dltafi>linin« the lolUnnns is tl^ 
eomplete saquenoe £rom top to bottom of the Im-om seiies; — 

7. IJidpm lavas. 

d. Qfiarteite (oooasional eoDj^lomefate at base) — impemistent. 

6. PhylHtes with to&, lavas, limestone, oonglomemto, quart- 
.afte—^etamoiphosed over hurge areas. 

4. Banded hmnatite-quartz^te. 

3. Shales, phylUtes, mica-schists. 

2. limestone — impezsistent. 

1. Basal sandstone conglomerate. 


!She sones are not sharply defined. No. 1, the basal sandstone 
and conglomerate, sometimes contains thin beds of shale. No. 2, 
limestone, is found only locally south of Obaibassa, and is separated 
from the basal sandstone by, a (hin zone of shale. No. 3, shales, 
etc.,- contains sandstone beds aid occasional calcareous beds. No. 4, 
banded hematite-quartzite," is also found at different horizons in 
No. 5 zone. In many places No. 3 zone passes gradually into 
No. 6 zone. No. 6, quartzite, frequently contains intercalated 
shales, etc., and there is often a phyllite zone between it and the 
overlying lava flows of No. 7 zone. 

Tho interbedded conglomerates of No. 5 zone Suggest accumula- 
tion of the tuffs and flows under subaerial conditions. The con- 


glomerates often contain pebbles of rock similar to ihe beds with 
which they are interbedded. Contemporaneous partial erosion of 
the Iron-ore series beds took place during their accumulation. 

93. During May, 1933, Dr. A. K. Dey spent three weeks in the Eeon- 
jhar State to complete the geological map of sheet 73 6/9. This 


Keonlbar State. 


piece of work was necessary for incorporating 
in Mr. H. Cecil Jones’s memoir on the iron- 


ore deposits of Bihar and Orissa to be published shortly. The area 
examined was found to consist of granitic rooks traversed by basic 
dykes and having some sfli^ inclusions of Older Metamorphics. 

$1 The offio4» wrorking in the Central Provinces were Mr. H. 
ClKkol^Zhwnk, Mr, D. Bhattatfitarjee, and Ifo. A. M. N. Ghosh. Before 
his d^arture on long leave in 1931 Mr. Crookthank had virtually 
. _ ' oompleted the re-survey of the northern por- 

Cs y nces. ^ Satpura region including the Pdeh' 

maihi Syk. Oom»qw«i% on his from leave it was possible 

to lOomaamMe m attw^ iqwn the etms^orable blank in our gecdog- 
ioiA ift Bii#t|» Sbkto ii|ii the g^mnmg ptnrtzoi^ of the Madras 
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PresSdotcf. No offioen of lltki DopartmeDt ]uid vwted Bastar 
sinee Bfr. P. K. Bose, wlio eorveyed portions <d Bastar State in the 
field seasons of 1898-1899^ and 1899-1900? Hr. Crooioliank ccon- 
meneed work in Bastar State in November 1932. During field 
season Mr. A. M. N. Ghosh was attached to the Percy Siaden Trust 
Expedition conducted by Dr. C. A. Matley for ooUeotiog remains 
of fossil reptiles from the Lameta beds in the Jubbulpore district. 
The results of this work are discussed imder Palaeontolc^. 

95. During this field season Mr. Orookshank completed the 
mapping of one-inch sheet 05 P/9 and 13, except for a small part of 
the north-east comer, and the portion of sheet 
** *^ * *' 66 J/1 and 6 lying between the Eaingar river 

and the eastern border of Bastar Stete. The whole of this area is 
comprised between latitudes 18° 45' and 19° 0' and longitudes 
81° 30' and 82° 10'. 

The following are the rooks mapped arranged according to their 
in so far as that is known : — 


Recent . . . 

Cuddapah 

Greenstones 

Quartz -breccias, granites 
Dharwarian rocks ; — 


Soils, alluvium, grits, etc,, from old river 
terraces. 

Shales, limestones, and quartzites. 
Including ancient sills, flows and dykes. 
Including associated pegmatites, aplites, 
etc. 


Bengpal series . . . Andalueite^gncisses and quartz-schists. 

Iron-ore senes . . . Hematite -quartzites, grunerite-garnet- and 

cordierite-gneisses, etc. 

Quartzites .... Bcheved to be ancient sediments. 

The CvMxipahs are a non-fossiliferous sedimentary series lying 
more or less horizontally on the upturned edges of the older rocks. 
The name Cuddapah is retained, as it has been used in the new 
32-mile map of India, but, according to Mr. Crookshank, the lithology 
of the rocks and their freedom from intrusions of any kind suggest 
that they may bo Kurnool rather than Cuddapah. The same 
remarks would apply to the Raipur limestones and Chandarpur 
sandstones of the Chhattisgarh basin, with which P. N. Bose re- 
garded the Bastar rocks as equivalent; and it must be regarded 
as an unsettled point in Indian stratigraphical correlation whether 
these comparatively umnetamorphosed Puxana rocks are to be re - 
garded as Cuddapdi in age, or the equivalents of the Eumools or 


^ General Report for 1898-1009, p. 86^ (1899). 
* General Report for 1899^900, p. 40* (19Q0). 
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l^ln^yAQB. Qxade of motomorphifim proves froijtifflitiiy to 
lie M xc^Iead^ oiitetion ui tibe oonelatsion of tbe pre-Oambrian 
irooks of ladia. 

Basie greenstone dykes are found mtroded in all the rooks in 
the area mapped, except the Ouddapahs. They vary in me from 
mimite veins to dykes ten mil^ long and 200 yax^ wide. The 
nature of i^e rooks of which they are composed depends to some 
extent on the degree of metmnorphism to which they have been 
exposed. In coarse-grained types the ophitic texture of dolerites 
is sometimes preserved, and patches of at^te have occasionally 
survived, and may now be seen in the centre of large hornblende 
crystals. More often all trace of the original minerals and texture 
has disappeared, and the rock now consists of lai^e prismatic horn- 
blende crystals in a matrix ,of granular .<][uartz and felspar. 

The flows are similar to jbjie dykes, but finer grained with quartz 
amygdales and open cavities. They are found as cappings to hills 
and ndges in the south-western part of the area mapped. 

The sills are lithologically similar to the dyke rocks, and occur 
as very large intrusive sheeta especially in the rocks of the Bengpal 
series in the south-western portion of the area mapped. 

True qmrU-hreoeias occur in a number of places in the granite 
and indicate post-granitic faulting. Quartz-breccias are also formed 
by the replacement of greenstone dykes by quartz. Usually these 
can be distinguished, as the greenstone is rarely completely replaced. 

Over the greater part of the area mapped, especially in the 
western part of it, granite is the foundation in which all the other 
rooks are sot. It generally underlies flat coimtry, but it is some- 
times tough enough to form rounded hill masses and irregular tors. 
In typical localities it is a rather coarse binary granite with little 
or no sign of foliation. But, in the vicinity of ridges of any of the 
other rocks it is, however, frequently foliated and banded. Around 
the edges of the older sedime^itary rocks it has digested such foreign 
matter, and is Wogfly very biotitic. Close to the hematite-quart- 
mtes ^it often contains oordieiite as well. 

' Begmatites are intruded in all the pre-Cuddapah rooks. They 
are pioi>ably a i^l product of the coohng granite. Some of them 
are much younger than the main granite mass, for ihey have^out 
the greenat^nes, which are themselves intmedve in the granite. 

Older than the franitm are nomerons rocks of Dhanmim 
and probable c^edimentary origin. These Hr. Grookthaak has 
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divided into tluee sections, the lelationships wlwdi to one en* 
other are nnknown. 

OvediTing the granite in the sonth-east <d the map and some- 
times introded by it is the first of these, an aneimit sedimmitary 
series which Mr. Gcookshimk terms the BengpcA series after a village 
situated in the centre of the area where it occurs. In the course 
of field work this series was roughly divided into two, the andahis- 
ite-gneisses and the quartz-sohists. These pass imperceptibly into 
one another, apd it is believed that the difierenoes between them 
are due to the difierent degrees of metamorphism to which they 
have been exposed rather than to any difference in the nature of 
the original deposit of which they are the metamorphosed pro- 
ducts. 

The andalusite-gneisses everywhere abut on the granite. Their 
hipest grade of metamorphism is reached near the contact, where 
such minerals as sillimanite and garnet are fairly common. On 
leaving the borders of the granite first sillimanite disappears, then 
garnet; finally andalusite becomes scarce, though it is never entirely 
absent. 

The quartz-schists are fine-grained rocks composed essentially of 
quartz, biotite and muscovite. Andalusite and iron-ore are also 
present in very many oases. In the hand-specimen these rocks 
greatly resemble fine-grained micaceous sandstones, but the method 
of arrangement ,of the mica and, the absence of roimded quartz 
grains show that they have been completely recrystallised. The 
name quartz-schist is not intended to signify a parallel arrangement 
of tho mica fiakos. 

The second section of these Dharwarian rocks is the hematite- 
qmrtnites, which crop out to the west of the Bengpal rooks. The 
connection between the two is uncertain, but it is possible that 
the former are the basal members of the latter. They lie directly 
on the granite and have been extensively dissolved in it. Their 
thickness is always small, and they are always metamorphosed. 
In typical cases a rough zoning can bo recognised. At the centre 
occur the banded hematite-quartzites. These are more or less 
surroxmded by griinerite-gneisses, due it is thought to the thermal 
metamorphism of the quartz and hematite. Outside this zone 
rooks containing griinerite, cordierite, biotite, muscovite, and quartz 
are developed. These are believed to be hybrids between homatite- 
quart^iites] and granite. Further out still the grfinerite disappears, 
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ffllbwd Ity tiM ooidierijNi, a&d fiooSy xtoim&l granite is teadhed. 
(Slamnt is often abundant in aU i^ese aroeks, but does not Seem to 
be muob aieeted in l^e oounse of metamotj^usm. 

Qennine stress minerals snob as staurolite or kyanito axe very 
taie in the pie-Cuddajkah rocks. It is infeired that the metamor- 
phisnx has been primarily thermal. This conclusion is also sup- 
ported by the textures of the various rooks examined. There is 
evidence, however, of a later dynamic phase with resultant regressive 
metamorphism, for serioite and chlorite have extensively replaced 
all minerals formed at the period of maximum thermal metamor- 
phism in Ihe pre-Ouddapah rooks. OttreUte is also commonly 
developed in the Bei^al series, wherever garnet has been serio- 
itised. 

The third section of the ol^ rocks is seen in the very large qmrtz- 
ite ridges that occur in seVctul areas. The rocks of which these 
ate formed are mainly g^ahular and crystalline quartzites, but 
locally chloritic phyllites replace the quartzites to some extent. 
Judgiug from tbeir uniformity, and the size and continuity of their 
outcrops the granular quartzites are probably altered sediments. 
The coarsely crystalline quartz is, however, mostly secondary. The 
relation of these quartzites to the other pre-Ouddapah sediments is 
unknown. 

96. Mr, D. Bhattacharji spent the field season of 1932-33 in 
surveying portions of the Nagpur and Umrer tahsils of the Nagpur 
district and of the Bhandara and Qondia tahsils of the Bhandara 
district, completing sheets 66 P/1 and 65 P/9 and the western 
half of sheet 64 C/3. 

The tract surveyed in the Nagpur district on sheet 66 P/1 
consists of alluvium, Deccan trap and Intertrappeans. These form- 
ations showed nothing of unusual interest, 
dia^is" Bhsndara Intertrappean occurrence bmng 

near Nal^mna (20® 46' : 70® 3'). 

Of sheet 66 P/l only a sfnall portion had been previously sur- 
veyed. This area lies partly in the Nagpur and partly in the 
USharidara district, and is occupied by alluvium (of the Waiuganga 
j^ver), ^yindhyand Dharwarian rocks of both Sausar and Sakoli type, 
tmd ^ gnet^G oomjple^. The Vindhyans form small exposures oy 
the Waiuganga in the nei^bqurhood of Panni, and are composed 
id gently d^|iing aa&detope end shales with an overlying oonglom- 
limte, Haitjl a ooaxtte fchsal eandatone resting on steeply 





Qmmi Bapattifor IS&S, 


89 


dippii^ gneisses and solti^. These Moks are deduced to be of 
Vindhyan age from the agreement pf their strikes and general 
characters tvith the rocks mapped as Vindhyans by Mir. P. K. Datta 
a few miles to the south. 

Sheet 64 C/3 {the Gondia sheet), depicting a portion of the 
Gondia tahsil of the Bhandara district, lies north of sheet 64 0/4 
(the Arjuni sheet) of which the geology has already been completed 
by Dr. S. K. Chattorjee. 

The western half of sheet 64 C/3 is occupied by the reserved 
forests of the Gaikhuri range forming the north-eastern comer of 
the Bhandara triangle of Sakoli roclm, whilst the low country to 
the west is composed mainly of gneisses with overlying alluvium. 
The Sakoli rocks with a general N. N. E. strike are partly on the 
northern extension of the rocks of this series recognised in sheet 
64 C/4 (the Arjuni sheet) to the south already surveyed by Dr. S. 
E. Chatterjee, and partly on the extension of the rocks recognised 
in sheet 55 0/15 (the Tirora sheet), previously surveyed by Mr. D. 
S. Bhattacharji, of which accounts have been given in previous 
General Reports.^ 

The Bhandara triangle of Sakoli rocks to which so much attent- 
ion has been given by Mr. Bhattacharji and Dr. Chatterji comes 
to a point in the Gondia sheet, and with the completion of this 
area Mr. Bhattacharji ventures on an explanation of the structure 
of the whole triangle with its exceedingly complex folding. His 
Progress Report is as usual beautifully illustrated and a special 
feature of this season’s work is the collection of a series of speci- 
mens of intricately folded rocks which are held by Mr. Bhattacharji 
to show on a small scale structures applicable on a large scale to 
the Sakoli strata in the Bhandara triangle. He has also con- 
struotei a number of models to show how by intricate folding a 
rock may imitate lit-par-Ut injection, and various other structures 
of igneous rocks. 

In this report Mr. Bhattacharji has given some attention to 
the various types of gneisses found near Chanditola (21° 18' ; 80° 6') 
about ten miles south-west of Gondia. He recognises (1) biotite- 
gneisses of several types according to the additional minerals such 
as garnet, magnetite and hornblende, (2) hornblende-gneiss, and 
(3) sillimanite-gneiss. 

^ Bee. aed. Surv. Ini., IXV, pp. and LX?1, pp. 108-111, <1932|. 
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Malhari Vinayak Rao: B(XtN ]4rH February, 1878: Died 
23ro December, 1933* 

It is with great regret that 1 have to record the death of Bao 
Bahadtir Malhari Vinayak Eao on the 23rd of December, 1933, only 
a few months after his retirement from the post of Assistant Superin- 
tendent in the Geological Survey of India. 

Vinayak Bao was a graduate of Madras University obtaining the 
B.A. degree with Geology as one of his subjects from the Central 
College, Bangalore, in 1900. After a short period of practical under- 
ground trainii^ in the Ooregaum Gold Mine m Mysore he joined the 
Geological Survey of India as a Sub-Assistant on the 26th of October, 
1904. For his &st field work he was posted to assist Dr. Malcolm 
Maclaren in his examination of the auriferous tracts of Southern 
India. In subsequent years Vinayak Bao was engaged on regular 
geological survey work in the Central Provinces, in Burma, and in 
the Madras Presidency^ During the Great War he rendered valuable 
service to Government by participating in the investigation of the 
wolfram deposits of Lower Burma, and in recognition of his services 
the Government of India were pleased to promote bim to the grade 
of Assistant Superintendent on the 6th September, 1919, and subse- 
quently in 1920 they conferred on him the title of ‘ Bao Bahadur’. 
Vinayak Bao had not a ready pen, in consequence of which he has 
but one published note to his credit in the Records of this Depart- 
ment, namely on the oil shales of Mergui, in Part 3 of Vol. LIV. 
In 1931-32, Vinayak Bao was President of the Geological, Miniog 
and Metallurgical Society of India, and his Presidential Address 
entitled ‘Development of Mineral Busoucoes of India’ appears on 
pages 83 to 91 of Number 3 of Vol. Ill of the Quart^y Journal 
of that Society. 

In addition to systematic survey work Vinayak Bao undertook 
during his service, a considerable number of investigations of 
economic and engineering projects, upon each of which he submitted 
reports that were practical in their advice and of considerable utiUly. 
Aether problem upon which Vinayak Bao was engaged at intervals 
was the collection of Vertebrate fossils from the Siwaliks of Balu- 
chistan and the Punjab. Finally it is necessary to make mention 
of one special task entrusted to Vinayak Bao. As part of an inves- 
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tiigation to determine tlie amounts of silt and dissolved salts carried 
to the sea by Indian rivers, Vinayak Eao for a whole year took 
;lfi|m|>les ^ silt-laden river water from two stations on the Indus 
some 160 miles apart in a straight line, namely Kotri and Sukkur ; 
the samples were taken once a week during the cold weather and 
twice a week during the inundation season, from surface, mid-depth 
and bottom at selected i^ts on a cross-section of the river at each 
place. The total cumber of samples collected between the 22nd 
November, 1906 and the 22nd November, 1906, was 739. From 
the laboratory work subsequently carried out on these samples it is 
clear that Vinayak Kao discharged faithfully this monotonous but 
very valuable task. 

For a period Vinayak Rao was attached to my own field party in 
the Central Provinces and I then had an opportunity of becoming 
weU acquainted with his honesty of purpose, his devotion to work, 
and the friendly spirit that caused him to be liked wherever he went. 
In illustration of this last quality it is pleasant to recall that Vinayak 
Rao, Banlrim Bihari Gupta and I were in camp together in December, 
1911 ; Vinayak Rao suggested that to celebrate Coronation Day, 
namely the 12th of December, we should hold some village sports 
open to both the villagers and our servants. We three subscribed 
small sums for prises and the sports were a great success, including 
not only the usual events, but a camel race and a specimen-trimming 
competition. A few days later the villagers in return provided us 
with a theatrical enter^nment. 

Vinayak Rao retired as recently as 14th February, 1933, and all 
those who knew hjm regret that he has not lived to enjoy many years 
of peaceful retirement. 
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The Khanpur ^fe^EORIC Shower. By M. S. Krishnan, 
M. A., Ph. D., a. R. C. S., D. I. C., Assistant Superintend- 
ent, Geological Survey of India. (With Plates 1 to 8.) 


INTRODUCTION. 


Some meteoric stones fell in Khanpur (26*^ 33' SO" : 83® 7' 30") 
and a few neighbouring villages in the district of Ghazipur, United 
Provinces of Agra and Oudh, between the 
Time and locality of hours of 12 noon and 1 p.m. on Friday the 
8th July, 1932. A brief mention of this fact 
was made in the General Report of the Geological Survey of India 
for the year 1932.^ It was learnt later that fragments of the same 
fall were recovered from Kakrapar® (26® 36' : 83® 3') in the Jaunpur 
district and from Karauli® (26® 33' : 83® 4') on the banks of the 
Gumti river in the Benares district. From the accompanying 
sketch-map (Fig. 1 on page lOS) showing a portion of the Survey of 
India sheet 63 0/2, it will be seen that all the localities lie within 
a radius of about two and a half miles near the junction of the 
boundaries of the three above-mentioned districts. 


The Geological Survey of India received^ nine pieces of the 
meteorite from Khanpur on the 18th August, 1932, through the 
office of the Trustees of the Indian Museum. 
In the following table (Table 1) are given the 
co-ordinates of the localities from which the pieces were recovered, 
two pieces from the village Gauri and one each from the remaining. 


Picceft recovered. 


^ Eec, QeoL Swv, Znd,, LXVII, p. 16, (1933). Khanpur is misspelt here as Khangpur. 

‘ Oommunioatiou from Br. L. J. Spencer of the Mineral Department British Museum 
(Natural History). It is also stated in Naiure, Vol. 131, p. 796, (3rd June, 1933), that 
fragments weighing 405 gms. were presented to the Natural History Museum by the 
Colleotor of the Jaunpur district, through Mr. C. A. Silberrad. Kakrapar is hero 
wrongly spelt as Kahrapar. 

• Vide infra in the extract from the report from the Jaunpur district. 

A Nolifioa^n--«H. 1134 dated 9th June, 1925, of the Depattment of Industries 
and Labour, Oovemment of lndia--states that meteorites falHng in ]&4tlsh India ara the 
property of the Govemment and should be forwarded tp the G^lpgioal Survey of India. 
Some dlstriot authorities seem to be unaware of this. 
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l4'xa. 1. — Map showing the localities at whioh meteorites fell on the 8th July, 1032. 


TABiiB 1, --^Localities from which pieces of the Khanpur meteoric shower 

were collected. 


Iiooality. 

North latitude. 

East longitude. 






o 

0 

» 

o 

/ 

0 

1 

i 

«... 




25 

33 

30 

83 

7 

30 

AsmanOhah . 

. • . • 




25 

33 

15 

83 

6 

30 

Uwdai . 

. • » « 




25 

32 

0 

83 

5 

0 

Oadanpur 





25 

32 

30 

83 

6 

0 

Gochha . 





25 

82 

0 

83 

6 

0 

AhlhSpor 

. ^ . 




25 

34 

0 

83 

5 

30 

Oailrr . 

• • ■ . 




25 

31 

30 

83 

6 

0 

Kewada » 

. 




25 

33 

0 

83 

5 

0 


It is Almost certsm that aevsral more pieces were found by the 
viOageiSf but they hate not been reooTored because of the uuwflling- 
SflBS <d the people to diTulge aijty Moratialiiniu 









Pabt 1.] 


EBtSBt^AK : Rimpur Meiecric Shatter. 


109 


In tlie following table (Table 2) are given tbe weights of the 
pieces as received and at the time of their £nal storage^ and also the 

Wei hfs of the ieces gravities of a few. A small part of the 

g s o e p eces. ^ weight may be attributable to 

loss of moisture during storage in Calcutta, but it is mainly due to 
the using up of the material for study. Because of the bad packing 
in which they were sent to Calcutta, a certain amoimt of damage 
has been sustained, resulting in cracking and detachment of small 
chips. 

In addition to the above, two pieces were received, one from 
Karauli and the other from Kakrapar, as late as February, 1934. 
Their weights are also shown in the following table. It is to be 
noted that the fragments weighing 460 gms. presented to the British 
Museum (Natural History) also belong to this fall. 


Tablb 2. — Weights of the pieces received. 


No. 

Looftlity. 



Original weight 
in grams. 

Final weight 
in grams. 

Speoifio 

gravity. 

I 

Gad&npur . 

• 

• 

87711 

(а) 779-14 

(б) 67-54 

(c) 23-10 

(d) 1-62 

.. 

n 

Khanpur . 



467-72 

464-00 


m 

Newada 



124-10 

124-05 

3-440 

IV 

Gorkha 



113-81 

113-72 


V 

Asmaxi Obak 



68-06 

67-79 


VI 

Ahladpur . 



102-85 

102-08 


VII 

Gauri 



66*45 

66-48 

3-^6 

VIII 

Gauri 



41-02 

40-93 

3*409 

IX 

Mandai 



30-05 

30-01 

X 

jS^gments broken 
traiiait. 

during 

14-54 

11-20 

•• 

XI 

Karauli 

. 

, 

54-56 

64-56 

3-466 

XII 

Kakrapar . 

» 

• 

1,312-13 

(a) 1,300*55 

3-466 


EAkrapar fragments 

• 

• 

• • 

(5) 11-58 


Tot All 

• 

3,262*39 

8,248-20 

•• 


The values shown in the last column but one represent the weights 
of the pieces at the time of the final storage in the Museum. The 
difierenoes in Ihe values of the specific gravity are probably explained 
by the variation in the abundance of troilite in the difierent pieces. 
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foBowing is m extract from the report of Mr, Sarda Prasad 


Klliiifi|>ar ares. 


Baksena, Bupermor Eanimgo of the Khaapur 
Circle, dated the 9t]i July, 1932 


' On tbe 3th July, 1932, between 12 noon and 1 r.M*, pieces of black stone fell 
itOm the sky. . . .Mist there was thunder and then they fell with a whizzing sound, 
Itis said that they were hot when they fell* 


, This was followed by a more detailed report, dated the 16th 
July, 1932, from which the following is taken: — 

‘ The fall of meteorite is described in various ways in different villages 
and great difficulty has been exp^’rienced in obtaining fragments of the meteorite 
ira • A A appropriated by the people who thought 

* detailed e^rnm oollyrium) made from them cured blindness, 
while others bdlbved that it cured fire bums, People were 
unwilling to part with the fragments they obtained and thus concealed all 
sorts of knowledge they had about the meteorite. 

«... * .Dobi Prasad of Beheri and Kamnath Chaube of Gorkha state that they 
observed the fall of meteorite from a height of 50 yards and 20 yards respectively. 
The first says that the fall formed a lino of smoke in the sky, but there was no 

luminosity, while the second says th^t the meteorite came as a burning ball 

The fill took place between 12 (noon) and 1 r.M., on Friday the 8th July, 1932. 
Only one person, Bamnath Chaube of Gorkba, says that the meteorite was seen as a 
burning ball of tiie size of | of the full moon. 

The fall was noticed in eight villages— Khanpur, Gadanpur, Mandai, Gauri, 
Gorkha, Ahladpur, Asman Chak and Newada, where fragments were found, . . , 
Two pieces have been obtained from Gauri and one each from the remaining villages. 

The fact that pieces were found in different villages within a radius of miles 
leads to the conclusion that the meteorite divided itself into several pieces before 
the fall, as all the pieces oolleoted appear to be of the same colour and composition 

The actual fall was accompanied by a whizzing sound ending in a heavy 

thud at the time of contact with the ground. The meteorite is reported to have 
come from the south-west and the weight is said to be from a half a seer^ to seven 
seers . . . .The evidene© goes to show that it was warm when it fell. 

At two places, in the villsges Gadanpur and Gorkha, it fell on the tiled roofs 
of houses. In one csiC'it remained on the roof and in the other it passed through 
fell inside a room. In village Newada a piece fell in the river Gumti, and a 

piece In Gorkha in a pool. In other places i% fell on open ground In some 

pk^ the fragments did not penetrate deep into the earth where the ground was 
hard, whilo in some places they penetrated to a depth of eight inches only wfam 
the soil was soft. As it rained shortly after, the pits were filled up and were not 
atullAble for obseryation. No change in the soil is reported on account of the 
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On receipt of tiie oomnumioatlon from Or. L. J. Spencer, and the 
note in Nalme above referred to, the anth.oiitiea of Jannpur district 
were requested to send their report and any 
aparares. available pieces. A copy of the report from 
the SnpervisoT Eanungo of the Kakrapar area, accompanied by a 
piece weighing 912-05 gms., was dttly received. This latter may 
be described roughly as a triangular prism, with the three sides 
measuring about 116, 136 and 76 mm. respectively, and the height 
about 70 mm. The greater part of the surface has a fused 
appearance, the interior being extremely fine-grained, somewhat 
porous and dark grey in colour with indefinite patches of dark red- 
brown. Its specific gravity is 2*292. Megascopic and microscopic 
examination, however, shows it to be of the nature of ordinary 
fused brick, an opinion with which several of my colleagues agree. 
It seems very unlikely that the genuine meteroite could have fused 
such a thickness of soil, since it fell on wet ground during the height 
of the monsoon. The explanation seems to be that the villagers 
collected a piece of fused brick in mistake, in addition to the genuine 
meteorite which they undoubtedly collected at Kakrapar. A piece 
of the genuine meteorite bom Kakrapar was received only in 
February, 1934. 

The following is extracted from the report, dated the 13th 
February, 1932, relating to the fall at Kakrapar : — 


‘ The meteorite fell on the 8th July, 1932, at about 2 r.ic., in village Kakrapar 

in a field owned by Banshlochan Chamar. The same day at the same time one 

,, , . more meteorite is said to have fallen in village Karauli on 

Kakrapar ; report. ^ 

Before the fall of the stone, the sky was thunder-struck thrice and it was cloudy. 
When the stone fell a noise like that of an aeroplane was heard. Half of the stone 
sank into the ground about 12 inches deep and nearly one-half of it was still above 
ground. The tenants wore out in the fields and they saw it faUing. It was giving 
out smoke, and a shower of rain fell just after the fall. When the shower of rain 
was over, the people gathered and took away its parts. It was one piece when it 
fell but was broken by the people. It was about 15 seers in weight Its dimensions 
were approximately 2} ft. long, 1 ft* wide and 1 ft thick. 

I oonld gather about 5 seers and sent them to Siair (headquarters)* The people 
had kept them as idols* It was easily broken and it was Mack in cqlw with parti- 
cles like guinea-gold mixed in it. There was a flash of Ught when the stone fell. 
The flash of light came from the north and went to the sou^ It was hot when the 
people gathered there and broke it* They had to dig it the hTo 

of it is available at present/ 
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Alxmt Hie Ml at Karaeli, tlie letter which accomfMmied Hte 
piece of meteorite from there stated:— 

"Ihe meteodte in question fdl in the field of one Sfayam Befaari Singh of 
JfotfiKi Saranli, TtMl Benstes. Before it fell, s thunderous sound was heard 

„ H and on its fall tiie meteorite broke into pieces ; smoke was 

' * * seen rising up at the place where it was fyiog* ^1^ people 

of the rioinity, who had assemble there, picked up all the broken jdeoes and carded 
tiiem away.’ 

DESCRIPTION OF THE STONES. 

As menHoned above, nine pieces were received hram Ehanpnr. 
The largest piece, No. I, had broken ofi into one large, and two small 
^ ^ , . pieces, with some attendant fragments, whose 

p ono spccment. weights are shown in Table 2. Two 

views, which may be cHleA the front and back views of the largest 
of these, is shown in Plate 1, figs. 1 and 2. The appearance of the 
smaller pieces, which fit exactly on to each other, is shown in Plate 5. 
In the largest piece, the crust is present over about three-quarters of 
the surface. A portion of the fractured surface shows a greyish 
sHokensided appearance. Several depressions and well-marked 
circular or oval pits, the latter 2 to 3 mm. deep, are seen on the 
crusted surface. The crust is black and rather shining, and diows 
some minute discontinuous flow-lines. The crust is very thin, 
being only a fraction of a millimetre in thickness. 

Piece No. 11 is the most perfect in the collection in that it has the 
must on nearly nine-tenths erf the surface. The protruding edges 
had lost some fragments during postal transit. The piece is very 
irregular in shape and no indication can he found from the ill- 
developed flow-lines of the direction of flight of the stone. Two 
views of this stone me presented in Plate 2, figs. 1 and 2. 

Hie other pieces, numbered from III to IX, and XI, are all 
irregular and hiqomplcte, al the crust is present only on about a 
hhlf or less of l^e surface of each. Their general appearance can 
be gidhered from Plates 3, 4 and 5. 

Pwee No. XU, which is the largest in this collection, is shown in 
Plate fl, the three views being obtained by rotating the piece slice- 
essivtily tbfoui^ 120*’ round its vertical axis. 

The iraotuzed surfwies are pale grey, nearly white. They are 
rtoddedt with golden yellow grains of troilite of diSoent tises, the 
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largest one neasimug about 9 nun. across. No definite veios are 
to be seen. The mass, though cranpatct locddng, is rather soft 
and friable, a condition not improved by the bad packing in which 
the material was sent to Calcutta. 


Two of the broken fragments were utilised for preparing thin 
sections. A general brecciated appearance is noticeable under 


Microscopic description. 


the microscope. Hadiating porphyiitio and 
granular chondri are abundant. Besides some 


glassy matter, the minerals recognisable are enstatite, olivine and 


troilite. 


The enstatite makes up very finely fibrous, radiating chondri. 

Most of these have an eccentric structure (Plate 7, fig. 1) while some 

„ . ... show the fibres in parallel orientation (Plate 8, 

Enstatite and olivine. « * 1 j * • i i 

fig. 2). An enlarged eccentno enstatite cbon- 

drus is seen in Plate 7, fig. 2. The olivine generally occurs in much 

coarser form. A porphyritic chondrus with idiomorphic crystals 

of olivine is seen in Plate 8, fig. 1. Much of the granular material 

of the sections is olivine, forming part of granular chondri. 

A little finely crushed material, on immersion in suitable liquids, 

showed that the olivine had a refractive index ranging up to a 

maximum of 1*705, while enstatite had a medium value of about 

1*685. These values would point roughly to an olivine with about 

15 per cent, of FeO and an enstatite with about 8 to 10 per cent, of 

PeO. 


Troilite grains are interspersed with these. They sometimes 

Troiilie streaky. A few minute 

fragments, which were tested for nickel, gave 

a negative result. 

Some glassy material is present m the interstices of the grains 
and fibres of olivine and enstatite. There is also some very finely 
crystalline material. 

As the pieces described here came from Khanpur and its neigh- 
bourhood, it is proposed to call them by the name of that village. 

They have been registered under No. 296, 
tlonf"** *" ***' '**' meteorite, m the collections of the Geolog- 

ical Survey of India. In Brerina’s classificat- 
ion, the material is assigned to No. 16, Breccia-like liVhite Chondrite 
(Cwb). ^ 
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EXPLANATION CWR PLATES. 

Fio. 1. Piece 1 (Gadanpiir), firont view* 

Fia. 2. Piece 1 (Oadojxpxit), back view. 

PiuoiB % Px&, h Piece 11 (KhaJipar)^ itont view* 

Pxo. 2. piece 11 (Khimpur}» back view, 

PtuL^s 2, Pieces III {Newada)f IV (Gorkba) and V (Asman Ohak). 

PZU.VB 4, Heoes VI (Abiadpur), VII (Oauri) and VIII (Gauri). 

PhAtiR 5. Pieces I (K o) (Gadanpur), IX (Mandai) and XI (Karauli). 
pLATB 0, Three views of Piece XII, obtained by rotating it successively through 
130® round its vertical axis. 

Plats 7, Pio, 1. Thin section 22,009 from Piece I, showing brecciated appearance, 
radiating enstatite chondri and granular olivine chondri. ( X 
12 .) 

PxQ. 2. An eccentric radiating enstatite ohondnis in the same section. 
(X 32.) ^ ' 

Plats 8 , Pig. 1, A part of thin section 22,009, showing an excellent porphyritie 
olivine chondnis near the centre, (x 16.) 

Pig* 2. Thin section 22,910 from Piece II, showing finely fibrous enstatite 
" ohondrus with parallel orientation of the fibres. ( x 16.) 

Pig, 3. A part of section 22,910, showing a radiating olivine cbondrus. 
(X 82.) 
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Recent Obsiqrvations on the Cambrian Sequence of the 
P uN|AB Salt Range. By E; R. Gee, M.A. (Cantab.), 
F.G.S., Assistant Superintendent, Geological Suri}ey of 
India. (With Plates 9 to 11.) 


INTRODUCTION. 


In the eastern part of the CSs-Indus Salt Range, the strata that 

^ , usually overlie the Salt Marl include the 

Genera 1 sequence. . . 

following : — 

Salt Pseudomorph beds. 

Magnesian Sandstones. 

Neobolus Shales. 

Purple Sandstones (at the base). 

Of these beds, the Neobolus Shales have, in the past, proved to 
be fossiliferous, the fossils including trilobites, prinntive tyj>e8 of 
brachiopods, etc., of Cambrian agc.^ On 
Suggested Cam- account of the very close association of the 
r an age o su e. overlying Magnesian Sandstones and of certain 
fossils discovered by Noetling, the latter were also regarded as 
belonging to the Cambrian, and it has been suggested by certain 
writers who have examined the area subsequent to Mr. A. B. Wynne’s 
original survey, that both the underlying, unfossiliferous Purple 
Sandstones and the overlying Salt Pseudomorph beds, also, belong 
to this Cambrian suite. 


In addition, on the evidence of Wynne’s work, with important 
later additions by Mr. C. S, Middlcmiss, it has been inferred that 
this sequence was subjected to erosion in pre- 
Pre- a c If ero» on, Talchir (pre-Upper Carboniferous) times, regiilt- 
ing in its gradual elimination westwards in the middle and western 
parts of the Cis-Indus Salt Range. The Salt Pseudomorph beds 
were supposed to have died out near Makrach (32*^ 40' : 72*^ 54'), 


‘ Wynne, 8itrv, XIV, Art* 1, (187S). Middletmiss, C/co/, 8nrv^ 

1,(1891), KedUoh, Pai. Ind. (New Seriee). Vol. I, Mtm. 1 (IS99), 
Waloott, Proc. Wash, Jcud. ScL, VII, pp. 251-266, (1905). KoetHng, Bee. &eoi, Suri, 
XXVIZ, p. 74, (1894). Fkifcce, Jfem. 8vrv. XL, Pt.3, (1920). Fo*, 
J^ec, G'col. Svrv. Tnd,, LXI, Pt. 2, (1928). Cotter, Mem, Geol. 8vrp, LV, Pt. 2, 

( 1988 ): 
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the Mf^eeiaa Sandstones near the Kilawahan south of Nurpur 
(33^ W : 72® 35^^ and the Kedbolue Shales aroxmd Katha (32® 31' : 
72^ Wh the Purple Sandstones being absent in the western end of 
the Salt Bange. 

Overlying these various strata, the Talchir boulder bed was 
supposed to transgress, fairly regularly, westwards. In the eastern 
end of the Salt Range it overlay the Salt 

T h Pseudomorph beds, between Makrach and 

xalcblr tottlder bed. Magnesian Sandstones 

or the Neobolus Shale beds, west of Katha it was deposited directly 
on the Ptrrple Sandstones, and in the western end of the Bange it 
transgressed on to the Salt Marl series. 

The pre-Talchir land-suriEiaoe of the Cis- Indus Salt Bange was, 
therefore, visualised as an area of markedly regular topography, 
only slightly affected by post^Oambrian earth-movements. For those 
who favoured an early Cambrian or pre-Cambrian age for the under- 
lying Salt Marl Series, this feature was, very naturally, an important 
one. 


PURPOSE OF PAPER. 

In the present note, evidence throwing light on certain of the 
above-mentioned features, is brought forward. Tliis evidence, which 
has accumulated during the course of the 

Evidence sccittnulsted geological survey of the Salt Bange during the 
dufing present stirvcy,. . ^ x 

past five years, appears to prove : — 

(i) The probable correctness of the assumption that the 
Magnesian Sandstones and overlying Salt Pseudo- 
morph beds are of Cambrian age. 

(ii) The iworrei^ness of the assumption that the pre-Talchir 
land-surface in the Cis-Indus Salt Bange was an area 
of markedly re^tdar topography. 

The evidence for these two assertions is as follows : 

EVIDENCE. 

The pre«Talchir Land-surface. 

Within several of the principal gorges that intersect the Salt 
Bange scarp and the plateau to the north in the middle portion of the 
Bange the 8aMi» Nurpur and Katha gorges), the Talchir 

boulder bedt when trao^ northwards up these gorges, transgresses 



F&m 1.] Gax : Omibrim Sequeim of iho SaU Semge. 117 

on to lower horizoiui of the Cambrian sequence. This unoonformable 
transgression is here, however, relatively gradual. 

Further west around Warcha Mandi (32° 26' 30" : 71° 67'), 
however, this northerly tranc^ession is more rapid. In the lower 
scarp slopes, the Talchir boulder bed rests on the Purple Sandstones, 
the latter being often over 200 feet in thickness, whilst not far to 
the north within the middle scarp slopes, where the sequence is 
repeated by folding, fold-faulting or by thrusting, this late Palaeozoic 
boulder horizon in many instances directly overlies the Salt Marl 
series — ^the Purple Sandstones being absent. 

Even this evidence is, however, by no means as impressive as 
are certain features still further west — near Chittidil (32° 29' : 71° 
54') about five miles north-west of Warcha Mandi (Eukhla) and 
again at Chhidru (Chideru) (32° 33' : 71° 46' 30"). At these two 
places, important renmants of the Cambrian sequence (the Neobolus 
Shales, Magnesian Sandstones and Salt Pseudomorph beds) have 
been discovered in the course of field work during the past two years. 

Details of Cambrian The details of these two Cambrian occur- 
occurrenceg. rences are as follows : — 

(a) The Ch^idil area. 

On the right side of the Dhodha Wahan, about Jj miles north- 
Cambrian beds near east of Chittidil Host House, the sequence 
Chittidil. includes : — 

(Talchir boulder 6cd— unconformable.) 

4. Salt Psevdomorph heds— typical red shales and flags, ripple- 
marked and including some cube-shaped pseudomorphs, 
with purple-grey gypseous shales at the base ; the series 
attains a local thickness of several hundred feet. 

3. Magnesian Sandstones— ■some massive, hard, calcareous and 
dolomitic sandstones with bands of purple-grey shale. 

2. Neobolus iSAalea— purple-grey shales and sandy shales with 
bands of hard, calcareous, glauconitic sandstone ; the 
usual pebble bed occurs at the base. 

1. Purple Sandstone series — massive, jointed, maroon, and sub- 
ordinate bufi-coloured sandstones, with maroon shales 
and flags at the base ; total thickness at least 250 feet. 

The Neobolus Shale and Magnerian Sandstone beds are together 
about 175 to 200 feet thick, that is, appreciably thinner than in the 
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«3tixem« east of the Salt Bange. The passage from 2 to 3, and 
from 8 to 4, is idso much more gradual in these Chittidil expos- 
ures. 

Between Chittidil and Chhidru, that is, around Golewali (32*^ 
29' 30' : 71® 61'), thi Neobolus Shale : Magnesian Sandstone : Salt 
FseUdomorph sequMice is absent, the Talchir boulder bed testing 
directly on the Purple Sandstones. 

In the lower scarp slopes about IJ miles E. S. E. of Chhidru, 
however, these Cambrian beds recur locally. 

(6) The Chhidru area. 

Cambrian beds near section in the southern branch of the 

Chhidru. Ehanzaman gorge is as follows : — 

{Talehir houlinr 6rd.~|harkedly unconformable.) 

d. Halt Pmtdomorph — blood-red, spotted green, shales and 

flags, absent in the gorge-bed, but thickening up the 
north-western slopes to about 4-5 feet. Below comes 
an alternating sequence of flaggy calcareous, grey-green 
sandstones, purple-red and greenish sliales and flags, 
and purple-grey micaceous shales with dark purpic-red, 
and greenish shales and flags at the base. The 
thickness of these lower beds is about 100 feet. 

.'{. Magnesian Sandstones — ^massive, jointed calcareous and ? 
dolomitic, grey sandstones and flags, alternating with 
purple-grey shales and sandy shales ; total thickness 85 
to 90 feet. 

2. Neobolus Shales — purplish grey shales, micaceous sandy shales 
and micaceous, greenish grey, glauconitic sandstones 
alternating with subordinate flags and hard, calcareous 
sandstone bands. At the base occurs a three- to four-foot 
band of yellow and white grit terminating below in the 
typical Neobolus Shale pebble bed. Total thickness of the 
series is about 105 feet. 

1. Purple Sandstone series- -similar to the more easterly out- 
crops, including a inaroon shale and dag zone at the 
base ; total thickness of the series is about 350 feet. 

In this gorge-section, the Talchir boulder bed is seen to trans- 
gress aor<»B the upper part of the Salt Pseudomorph strata, so that 
althuttgb the blood-re^ ishales crop out up the north-western slopes, 
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they are largely absent in and aroond tbe gorge bed, the Takhir 
boulder bed resting directly on the lower hori^ns in the bed of the 
nda. This transgression occurs within tine space of a few hundred 
yards in a N. E.-S. W. direction. Again, about three-quarters of a 
mile south of this gorge, and about the same distance to the north of 
it, the Talchir bonlder bed rests directly on the Purple Sandstones, 
the fossiliferous Cambrian beds being absent. 

The occurrence of these two exposures, including representatives 
of the complete Cambrian sequence of the Salt Range — at Chittidil 


Conclusion : Pre- 

Talchir land-surface 
irregular. 


and at Chhidru — indicates that the pre-Talchir 
land-surface of the Cis-lndus Salt Range was 
definitely irregular in topography, and that the 


Talchir transgression was by no means so gradual a feature a.H has 


been previously supposed. 


CONTINUITY OF CAMBRIAN SEDIMENTATION. 

At Chittidil, trilobites and brachiopods were found in the purple- 
grey shales of the Eeobolus Shale series, and in the similar shales 

Fossils within the occur within the Magnesian Sandstone 

Cambrian sequence at series not far below the Salt Pscudomorph 
Chittidil and Chhidru. 

At Chhidru, a few similar brachiopods were obtained from the 
purple-grey shales of the Magnesian Sandstone series, and also from 
similar grey shales that occur within the basal portion of the Salt 
Pscudomorph sequence. 

At least some of these specimens appear to be identical with 
certain of the Eeobolus Shale fossils that have been discoveied by 

Foastls identical with ®®rlier observers in the main outcrops of the 
certain Neobolus Shale eastern parts of the Salt Range, 
fossils. 

Again, the whole . sequence, from the Neoholus Shales up into 
the Salt Pseudomorph beds, is quite conformable, and although in 

ConformabilJty of file eastern portion of the Range, the three 
sequence. divisions— Neobolus Shales, Magnesian Sand- 

stones and Salt Pseudomorph beds — can be distinguished fairly 
definitely on lithology alone, at Chittidil and at Chhidra this distinct- 
ion is less marked. At the latter places, the massive hard, calcareous 
and dolomitic sandstones of typical ‘ Magnesian Sandstone ’ type 
axe far less prominent, and purple-grey, micaceous shales and flags, 
similar to those that fiedominate in the Neobohna Shale series. 
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within th^ Magneaian Sanibtoaes mi among the basal beds 
of Salt Psendomorph series. 

^therefore, on lithology and the absence of any disoonforinity 
alone, one might well regard the three divisions as parts of one 
Coticlasloti ; contlu- continuous sequence of Cambrian sedimentation, 
uotui sequence ef Camb* This feature appears to be borne out by the 
rlan ftedimentaflan. recently-discovered fossils of the exposures at 
Chittidil end Chhidru in the middle-western portion of the Cis-Indus 
Salt Bange. 

EXPLANATION OF PLATES. 


Platb: 9. Folded Cambrian beds forming the right slopes of the Dhodha Waban 
Salt Eange. The photograph shows the Cambrian sequence forming 
spur 2,055 feet, overlooking the Dhodha Wahan about IJ miles 
north-east of Chittidil Kest House (sheet 3S P/15). Salt Marl 
crops out in and alfound the gorge-l)ed. Above, the thick Purple 
Sandstone series forma Steep slopes capped by the Neoholus Shale — 
Magnesian Sandstone strata. Tlie latter form a sharp synoline, 
within which the Salt Pseudomorph beds are included. 

PliATB 10. Scarp slopes soutii-east of Chhidru, Salt Range. 

At the base of the scarp to the south-east of CJihidru (sheet 38 P/14), 
in the right half of the photograph, Salt Marl crops out around the 
entrance to the Khanzaman gorge. Above, the lower cliffs include 
exposures of the Cambrian beds followed by more gentle slopes of 
Speckled Sandstone strata. The cliffs of the upper slopes (in tlie 
right half of the photograph) are composed mainly of Middle Pro- 
ductus limestones. These beds, together with overlying Upper 
Produotus, Triassic, thin Jurassic and Siwalik strata, are thrown 
into a sharp synoline, the eastern limb of which is considerably 
sheared. Among these sheared strata, the Middle Productus 
Limestones are again exposed as jagged cliffs seen forming the 
ridge and peak at the top of the scarp in the middle of the photo- 
graph. 

Pl^TBll. The Camhrian-Talohir boulder bed sequence south-east of Chhidru, 
Salt Range. 

The cliff-section in the lower half of the photograph shows the Cam- 
brian suite as exposed in the right-hand slopes of the southern 
branch nf the Khanzaman nala, about 1 J miles south-east of Chhidru 
(sheet 38 P/14). 

In the lower slopes, the Purple Sandstones crop out followed above 
by the Neoholus Shale and Magnesian Sandstone strata. Salt 
Pseudomorph beds overlie the latter, the dark red shales and flags 
being seen in tibe top of this scarp section. These red shales die oht 
to the dip, that is, down the slope towards the right-hand bottom 
of the ^ot^raph, being overlapped by the Talohir boulder 
l)e4 Ihirt wts 
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FIG. 1. PIECE I (GADANPUR), FRONT VIEW. 



FIG, 2. PIECE I (GADANPUR), BACK VIEW. 
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FIG. 1. PIECE II (KHANPUR), FRONT VIEW. FIG. 2. PIECE II (KHANPUR), BACK VIEW. 



GEOLOGICAL SURVEY OF INDIA 



PIECE III (NEWADA), IV (GORKHA) AND V (A8MAN CHAK). 
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PIECES VI (AHLADPUR), VII AND VIII (GAURI). 
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PIECES I (6, c) (GADANPUR), IX (MANDAI) AND XI (KARAULI). 
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FIQ. 1. SHOWINO BREOOIATED APPEARANCE, RADIATING EN8TATITE 
OHONDRI AND GRANULAR OLIVINE OHONDRI. X 12. 
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na. 1, SHOWJRa ah excellent PORPHVRITIC FIQ. 2 . showing finely fibrous EHSTATITE fig. 8 . SHOWING A RADIATING cyvitll 
OLIVINE 0H0NDRU8 HEAR THE CHONDBUS WITH PARALLEL ORIENTATION CHONDRUS. X 22. 

* CENTRE. X 11. OF THE FIBRES. X 11. 




FOLDED CAMBRIAM BEDS FORMING THE RIGHT SLOPES OF THE DHODHA WAHAN, SALT RANGE. 
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SCARP SLOPES SOUTH-EAST OF CHHIDRO, SALT RANGE. 
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. TH£ CAMBRIAH-TALGHIR BOULDER BED SEQUEN0E SOUTH-EAST OF CHHiDRU^ BALT flAf«OE« 






